49/! 



73 



SUBSTITUTE SPECIFICATION 



[ ^2^3\P^mi5 SEP2QQ6 

MARKED-UP COPY 



DESCRIPTION 



METHOD FOR PRODUCING PLASTIC LENS 



5 TECHNICAL FIELD 
[0001] 

The present invention relates to a method for producing a plastic 
lens. More particularly, the present invention relates to a method for 
producing a plastic lens which comprises forming a hard coat film by 

10 coating a plastic substrate with a coating composition comprising (A) 
modified colloid particles of a stannic oxide -zirconium oxide composite 
having diameters of 4.5 to 60 nm which are formed by coating the surface 
of colloid particles of a stannic oxide -zirconium oxide composite with 
colloid particles of a tungsten oxide-stannic oxide-silicon dioxide composite 

15 having diameters of 2 to 7 nm and (B) an organosilicon compound, 
wherein the colloid particles of a stannic oxide -zirconium oxide composite 
are prepared by using colloid particles of stannic oxide having diameters 
of 4 to 50 nm which are formed by the reaction of hydrogen peroxide and 
metallic tin in an aqueous solution of an organic acid, preferably in an 

20 aqueous solution of oxalic acid, in a manner such that the concentration of 
stannic oxide is 40% by weight or smaller while the ratio of amounts by 
mole of hydrogen peroxide to metallic tin H 2 0 2 /Sn is kept in the range of 2 

to 10, preferably in the range of 2 to 4,. 

The plastic lens of the present invention is advantageously used for 
25 spectacle lenses. 
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BACKGROUND ART 
[0002] 

Many types of plastic lenses having a hard coat film on a plastic 
substrate have been known. 
5 As an example of such plastic lenses, a sol of a metal oxide having a 

great refractive index is used as a component of the hard coating agent 
applied to the surface of the plastic lens to improve the property of the 
surface of the plastic lens. 

For example, a plastic lens having a hard coat film using a coating 

10 composition comprising an organosilicon compound and modified colloid 
particles of a stannic oxide -zirconium oxide composite having diameters of 
4.5 to 60 nm which are formed by coating the surface of nuclei with colloid 
particles of a tungsten oxide-stannic oxide-silicon dioxide composite 
having diameters of 2 to 7 nm, a ratio of amounts by weight of W0 3 /Sn0 2 

15 of 0.1 to 100 and a ratio of the amounts by weight of Si0 2 /Sn0 2 of 0.1 to 
100 using as the nuclei colloid particles of a stannic oxide -zirconium oxide 
composite having diameters of 4 to 50 nm and a structure formed by 
bonding colloid particles of stannic oxide and colloid particles of zirconium 
oxide to each other in relative amounts such that the ratio of the amounts 

20 by weight as the oxides Zr0 2 /Sn0 2 is 0.02 to 1.0, is described in Patent 

Reference 1. It is described in the Patent Reference 1 that the plastic 
lens exhibits excellent appearance, weatherability, scratch resistance and 
moisture resistance and, moreover, these properties show almost no 
change when a film is formed on the hard coat film in accordance with the 
25 vapor deposition process (refer to Patent Reference 1, Claims ). 
[0003] 
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[Patent Reference l] Japanese Patent Application Laid-Open No. 
2000-281344. 

DISCLOSURE OF THE INVENTION 
5 [0004] 

Heretofore, the test with steel wool has been used as the method for 
evaluating scratch resistance of a functional film such as a hard coat film 
and a plastic lens having a hard coat film. However, as the method of 
evaluation, the Bayer test is recently becoming popular for evaluation of 

10 scratch resistance since the scratch resistance is not numerically 
expressed by the steel wool test. 

When the scratch resistance of the plastic lens having a hard coat 
film obtained by using a hard coating agent comprising a modified sol of a 
stannic oxide -zirconium oxide, which is described in Japanese Patent 

15 Application Laid-Open No. 2000-281344 shown above, is evaluated in 
accordance with the Bayer test, it is desired that scratch resistance is 
further improved. 

The present invention has been made to overcome the above 
problem and has an object of providing a plastic lens having a hard coat 

20 film exhibiting improved scratch resistance and a great refractive index 
without adverse effects on various properties such as the property of 
preventing yellowing under irradiation with ultraviolet light and 
adhesion. 
[0005] 

25 As the result of intensive studies by the present inventors, it was 

found that the above problem could be overcome when a hard coat film 
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was formed on a plastic lens by coating a plastic substrate with a coating 
composition comprising an organosilicon compound and modified colloid 
particles of a stannic oxide -zirconium oxide composite having a specific 
particle diameter which were obtained by coating the surface of colloid 
5 particles of a stannic oxide -zirconium oxide composite having a specific 
property used as nuclei with colloid particles of a tungsten oxide-stannic 
oxide-silicon dioxide composite having a specific property. The present 
invention has been completed based on the knowledge. 
The present invention provides" 
10 (l) A method for producing a plastic lens which comprises forming a 
hard coat film by coating a plastic substrate with a coating composition 
comprising* 

(A) modified colloid particles of a stannic oxide -zirconium oxide 
composite having diameters of 4.5 to 60 nm which are formed by coating 

15 surface of nuclei with colloid particles of a tungsten oxide-stannic 
oxide-silicon dioxide composite having diameters of 2 to 7 nm, a ratio of 
amounts by weight of W0 3 /Sn0 2 of 0.1 to 100 and a ratio of amounts by 
weight of Si0 2 /Sn0 2 of 0.1 to 100 using as the nuclei colloid particles of a 
stannic oxide -zirconium oxide composite having diameters of 4 to 50 nm 

20 and a structure formed by bonding colloid particles of stannic oxide 
obtained by reaction of metallic tin, an organic acid and hydrogen 
peroxide and colloid particles of zirconium oxide to each other in amounts 
such that a ratio of amounts by weight of the oxides of Zr0 2 /Sn0 2 is 0.02 

to 1.0, and 
25 (B) an organosilicon compound; 

(2) A method for producing a plastic lens described in (l), wherein the 
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organic acid is oxalic acid or an organic acid comprising oxalic acid as a 
main component; 

(3) A method for producing a plastic lens described in (l), wherein the 
modified colloid particles of a stannic oxide -zirconium oxide composite are 
5 produced in accordance with a process comprising steps (a) to (£)" 

step (a)- a step comprising forming colloid particles of stannic 
oxide having diameters of 4 to 50 nm by reacting hydrogen peroxide and 
metallic tin in an aqueous solution of an organic acid in a manner such 
that a concentration of stannic oxide is 40% by weight or smaller while a 
10 ratio of amounts by mole of hydrogen peroxide to metallic tin H 2 0 2 /Sn is 

kept in a range of 2 to 4; 

step (b)- a step comprising mixing an aqueous sol of stannic oxide 
which comprises colloid particles of stannic oxide having diameters of 4 to 
50 nm obtained in step (a) in a concentration of 0.5 to 50% by weight as an 
15 oxide Sn0 2 with an aqueous solution which comprises an oxy zirconium 
salt in a concentration of 0.5 to 50% by weight as an oxide Zr0 2 in relative 
amounts such that a ratio of amounts by weight as the oxides Zr0 2 /Sn0 2 
is 0.02 to 1.0; 

step (c): a step comprising forming an aqueous sol of stannic 
20 oxide -zirconium oxide composite having particle diameters of 4 to 50 nm 
by a heat treatment of a mixed fluid obtained in step (b) at 60 to 200°C for 
0.1 to 50 hours; 

step (d)- a step comprising preparing an aqueous solution 

comprising a tungstate, a stannate a silicate in relative amounts such that 
25 a ratio of amounts by weight of W03/Sn0 2 is 0.1 to 100 and a ratio of 

amounts by weight of Si0 2 /Sn0 2 is 0.1 to 100, and forming a sol of a 
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tungsten oxide -stannic oxide-silicon dioxide composite by removing 
cations in the prepared aqueous solution; 

step (e) : a step comprising forming a modified aqueous sol of a 
stannic oxide-zirconium oxide composite by mixing the aqueous sol of 
5 stannic oxide -zirconium oxide composite obtained in step (c) in an amount 
such that a total of amounts of Zr0 2 and Sn0 2 in the aqueous sol is 100 

parts by weight with the sol of a tungsten oxide-stannic oxide-silicon 
dioxide composite obtained in step (d) having particle diameters of 2 to 7 
nm, a ratio of amounts by weight of W0 3 /Sn0 2 of 0.1 to 100 and a ratio of 

10 amounts by weight of Si0 2 /Sn0 2 of 0.1 to 100 in an amount such that a 
total of amounts of W0 3 , Sn0 2 and Si0 2 in the sol is 2 to 100 parts by 
weight at 0 to 100°C; and 

step (£)• a step comprising bringing the modified aqueous sol of a 
stannic oxide -zirconium oxide composite obtained in step (e) into contact 

15 with an anion exchanger to remove anions present in the sol; and 

(4) A method for producing a plastic lens described in (3), wherein the 
aqueous solution of organic acid is an aqueous solution of oxalic acid or an 
aqueous solution of organic acids comprising oxalic acid as the main 
component. 

20 [0006] 

The sol of colloid particles of a stannic oxide -zirconium oxide 
composite having the surface modified with colloid particles of a tungsten 
oxide-stannic oxide-silicon dioxide composite, which is a component of the 
coating composition used in the present invention, has a colloidal color, 
25 and the coating film obtained by using the sol exhibits a great refractive 
index of about 1.8 or greater after being dried. The plastic lens obtained 
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by forming a hard coat film on a plastic substrate using the coating 
composition comprising the above colloid and the organosilicon compound 
exhibits excellent appearance in combination with excellent water 
resistance, moisture resistance, light resistance, antistatic property, heat 
5 resistance and abrasion resistance. 

In a sol of modified colloid particles of a stannic oxide-zirconium 
oxide composite obtained in accordance with a conventional process, 
particles in the sol have a spindle shape, and it is difficult that the 
particles can stay in a great concentration with stability. In contrast, 
10 particles in the modified sol of colloid particles of a stannic 
oxide-zirconium oxide composite used in the present invention have the 
spherical shape, and the particles can stay in a great concentration with 
stability. 

For example, a modified sol of colloid particles of a stannic 
15 oxide -zirconium oxide composite obtained in accordance with a 
conventional process has a viscosity of 15 cp. (15 mPa-s) as measured at a 
concentration of particles of 47.0% by weight using a viscometer of the B 
type having the No. 1 rotor in a 100 cm 3 measuring cylinder at a rotation 
speed of 60 rpm. 

20 In contrast, the modified sol of colloid particles of a stannic 

oxide -zirconium oxide composite used for a plastic lens of the present 
invention has a viscosity of 5.5 cp. (5.5 mPas) as measured at a 
concentration of particles of 47.4% by weight using a viscometer of the B 
type having the No. 1 rotor in a 100 cm 3 measuring cylinder at a rotation 

25 speed of 60 rpm. 

When a hard coat film is formed from the sol of modified colloid 
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particles of a stannic oxide-zirconium oxide composite in accordance with 
the present invention, the hard coat film exhibits remarkably improved 
hardness in comparison with a film formed by xising a conventional sol. 
This is considered to be obtained since packing of the particles in the film 
5 is improved due to the spherical shape of the particles unlike the spindle 
shape of conventional particles. 

This sol is stable at a pH in the range of about 1 to 10 and provided 
with stability sufficient for being supplied as an industrial product. 

Since the colloid particles in the sol has the negative charge, 

10 compatibility with other sols having colloid particles having the negative 
charge is excellent. The sol can be mixed with stability with dispersions 
such as silica sol, antimony pentaoxide sol, anionic and nonionic 
surfactants, aqueous solutions of polyvinyl alcohol, anionic and nonionic 
resin emulsions, water glass, aqueous solutions of aluminum phosphate, 

15 solutions obtained by hydrolysis of ethyl silicate and solutions obtained by 
hydrolysis of silane coupling agents such as y-glycidoxypropyltrimethoxy- 
silane. 

When a hard coat film is formed on a plastic lens using the coating 
composition comprising the sol having the above properties and the 
20 organosilicon compound, the refractive index, chemical resistance, water 
resistance, moisture resistance, light resistance, weather ability and 
abrasion resistance of a plastic lens for spectacles can be improved. 

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE 
25 INVENTION 
[0007] 
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The method for producing a plastic lens of the present invention 
comprises forming a hard coat film by coating a plastic substrate with a 
coating composition comprising (A) modified colloid particles of a stannic 
oxide -zirconium oxide composite having diameters of 4.5 to 60 nm which 
5 are formed by coating surface of nuclei with colloid particles of a tungsten 
oxide-stannic oxide-silicon dioxide composite having diameters of 2 to 7 
nm, a ratio of amounts by weight of W0 3 /Sn0 2 of 0.1 to 100 and a ratio of 
amounts by weight of Si0 2 /Sn0 2 of 0.1 to 100 using as the nuclei colloid 
particles of a stannic oxide -zirconium oxide composite having diameters of 
10 4 to 50 nm and a structure formed by bonding colloid particles of stannic 
oxide obtained by reaction of metallic tin, an organic acid and hydrogen 
peroxide and colloid particles of zirconium oxide to each other in amounts 
such that a ratio of amounts by weight of the oxides of Zr0 2 /Sn0 2 is 0.02 

to 1.0, and (B) an organosilicon compound. 
15 [0008] 

The sol of colloid particles of a stannic oxide -zirconium oxide 
composite as the nuclear particles used for producing the sol of component 
(A), which is a component of the coating composition used in the present 
invention, can be produced in accordance with the method comprising 

20 steps (a), (b) and (c) described above. 

The colloid particles of stannic oxide used in step (a) can be 
obtained as colloid particles of stannic oxide having diameters of 4 to 50 
nm by reacting hydrogen peroxide and metallic tin in an aqueous solution 
of an organic acid in a manner such that the concentration of stannic 

25 oxide is 40% by weight or smaller while the ratio of the amounts by mole 
of hydrogen peroxide to metallic tin H 2 0 2 /Sn is kept in a range of 2 to 4. 
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In the reaction, hydrogen peroxide and metallic tin are added to the 
aqueous solution of organic acid while the ratio of the amounts by mole of 
H20 2 /Sn is kept in the range of 2 to 4. The entire amounts of hydrogen 

peroxide and metallic tin may be added into the aqueous solution of an 
5 organic acid. However, it is preferable that hydrogen peroxide and 
metallic tin are added alternately in several portions. It is important 
that the ratio of the amounts by mole of H 2 0 2 /Sn is kept in the range of 2 

to 4 although the order of addition of hydrogen peroxide and metallic tin is 
not particularly limited. In general, after portions of hydrogen peroxide 

10 and metallic tin are added, the reaction is allowed to be completed, and 
the next portions of hydrogen peroxide and metallic tin are added 
thereafter. Each reaction time, although depends on the added amount, 
is generally 5 to 10 minutes. Then the next portions of hydrogen 
peroxide and metallic tin are added. 

15 [0009] 

The relative amounts by weight of the organic acid, hydrogen 
peroxide and metallic tin used in step (a) is, in general, in the following 
range* the organic acid ■ hydrogen peroxide ■ metallic tin = 0.21 to 0.53 ■ 
0.57 to 1.15 : 1.0. 

20 As the aqueous solution of an organic acid, an aqueous solution of 

oxalic acid or an aqueous solution of organic acids comprising oxalic acid 
as the main component is preferable. The reaction can be 
advantageously conducted when an aqueous solution of oxalic acid alone is 
used. The aqueous solution of organic acids comprising oxalic acid as the 

25 main component means an aqueous solution of organic acids comprising 
80% by weight or more of oxalic acid in the entire organic acids, and the 
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rest of the organic acids may comprise organic acids such as formic acid 
and acetic acid. The aqueous solution of an organic acid can be used in a 
concentration preferably in the range of 1 to 30% by weight and more 
preferably in the range of 4 to 10% by weight. 
5 [0010] 

The medium in the sol of stannic oxide may be any of water, a 
hydrophilic organic solvent and a mixture thereof. An aqueous sol using 
water as the medium is preferable. As pH of the sol, a pH stabilizing the 
sol is preferable. In general, a pH of about 0.2 to 11 is preferable. The 

10 sol of stannic oxide may comprise any desired components such as 
alkaline substances, acidic substances and oxycarboxylic acids for 
stabilizing the sol as long as the object of the present invention can be 
achieved. Although the sol of stannic oxide has a concentration of about 
0.5 to 50% by weight as stannic oxide, a smaller concentration is 

15 preferable. It is preferable that the concentration is 1 to 30% by weight. 
[0011] 

The sol of a stannic oxide -zirconium oxide composite can be 
obtained in accordance with step (b) in which the above sol of stannic 
oxide is mixed with an oxy zirconium salt in such amounts that the ratio 
20 of the amounts by weight of Zr0 2 /Sn0 2 is 0.02 to 1.0, in general, at 0 to 

100°C for about 0.5 to 3 hours and step (c) in which the obtained mixture 
is treated by heating at 60 to 200°C for 0.1 to 50 hours. 

Examples of the oxy zirconium salt used above include zirconium 
oxy chloride, zirconium oxy nitrate, zirconium oxy sulfate, oxy zirconium 
25 salts of organic acids such as zirconium oxyacetate and zirconium 
oxycarbonate. The oxy zirconium salts may be used in the form of a solid 
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or as an aqueous solution. It is preferable that the oxy zirconium salt is 
used as an aqueous solution having a concentration of about 0.5 to 50% by 
weight as Zr0 2 . Salts insoluble in water such as zirconium oxycarbonate 

can be used when stannic oxide used for the mixing is an acidic sol. 
5 As stannic oxide, it is preferable that an alkaline sol stabilized with 

an organic base such as an amine is used. It is preferable that the 
mixing with the oxy zirconium salt is conducted at a temperature, in 
general, in the range of 0 to 100°C and preferably in the range of the room 
temperature to about 60°C. While the mixing is conducted, oxy 
10 zirconium salt may be added to a sol of stannic oxide, or a sol of stannic 
oxide may be added to the aqueous solution of oxy zirconium salt. The 
latter method is more preferable. It is necessary the mixing be achieved 
sufficiently. The time of the mixing is preferably about 0.5 to 3 hours. 
[0012] 

15 In the present invention, the diameter of the colloid particles of a 

W03"Sn0 2 'Si02 composite comprised in the sol of a tungsten 

oxide-stannic oxide-silicon dioxide composite obtained in step (d), which is 
used as the coating sol, can be measured by observation by an electron 
microscope. The diameter is 2 to 7 nm and preferably 2 to 5 nm. As the 

20 disperse medium of the colloid particles in the sol, any of water, 
hydrophilic organic solvents and mixtures thereof can be used. The sol 
comprises WO3, Sn0 2 and Si02 in amounts such that the ratio of the 
amounts by weight of W0 3 /Sn02 is 0.1 to 100 and the ratio of the amounts 
by weight of Si02/Sn02 is 0.1 to 100. The total of the concentrations of 

25 W0 3 , Sn0 2 and Si0 2 is, in general, 40% by weight or smaller and 
practically 2% by weight or greater and preferably in the range of 5 to 
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30% by weight. The sol exhibits a pH of about 1 to 9 and is a colorless 
transparent fluid or a fluid having a slightly colloidal color. The sol is 
stable for 3 months or longer at the room temperature and for one month 
or longer at 60°C. No precipitates are formed in the sol. Increase in the 
5 viscosity of the sol or formation of gel in the sol does not take place. 
[0013] 

The stable sol of a tungsten oxide-stannic oxide-silicon dioxide 
composite comprising colloid particles of a composite of tungsten oxide 
(WO3), stannic oxide (Sn0 2 ) and silicon dioxide (Si0 2 ), which is obtained 

10 in step (d), can be prepared, for example, in accordance with the steps of- 

Step (d"l)- a step in which an aqueous solution comprising a 
tungstate, a stannate and a silicate in amounts such that the ratio of the 
amounts by weight of W0 3 /Sn0 2 is 0.1 to 100 and the amounts by weight 
Si0 2 /Sn0 2 is 0.1 to 100 is prepared; and 

15 Step (d"2)- a step in which cations present in the aqueous solution 

obtained in step (d"l) are removed. 
[0014] 

Examples of the tungstate, stannate and silicate used in step (d-l) 
include tungstates, stannates and silicates of alkali metals, ammonium 
20 and amines. Examples of the preferable alkali metal, ammonium and 
amine include Li, Na, K, Rb, Cs,* NH4 + ; alkylamines such as ethylamine, 

triethylamine, isopropylamine, n-propylamine, isobutylamine, diisobutyl- 
amine and di(2-ethylhexyl)amine; aralkylamines such as benzylamine; 
alicyclic amines such as piperidine; and alkanolamines such as 
25 monoethanolamine and triethanolamine. Among the above salts, sodium 
tungstate (Na 2 W0 4 -2H 2 0), sodium stannate (Na 2 Sn0 3 -3H 2 0) and sodium 
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silicate (water glass) are preferable. Solutions prepared by dissolving 
tungsten oxide, tungstic acid, stannic acid and silicic acid into an aqueous 
solution of an alkali metal hydroxide can be also used. As the silicate, 
amine silicates and quaternary ammonium silicates obtained by adding 
5 an alkylamine such as ethylamine, triethylamine, isopropylamine, 
n-propylamine, isobutylamine, diisobutylamine and di(2-ethylhexyl)amine 
to active silicic acid may be used. 
[0015] 

Examples of the method for preparing the aqueous solution in step 
10 (d-l) include the method in which a tungstate, a stannate and silicate in 
the form of powder are dissolved into water to prepare an aqueous 
solution, the method in which an aqueous solution of a tungstate, an 
aqueous solution of a stannate and an aqueous solution of silicate are 
mixed to prepare an aqueous solution and the method in which a 
15 tungstate and a stannate in the form of powder and an aqueous solution of 
silicate are added to water to prepare an aqueous solution. 

It is preferable that the aqueous solution of the tungstate used for 
preparation of the sol in step (d) has a concentration of 0.1 to 15% by 
weight as WO3. However, a concentration exceeding the above range 

20 may also be used. 

It is preferable that the aqueous solution of the stannate used for 
preparation of the sol in step (d) has a concentration of about 0.1 to 30% 
by weight as Sn0 2 . However, a concentration exceeding the above range 

may also be used. 

25 It is preferable that the aqueous solution of the silicate used for 

preparation of the sol in step (d) has a concentration of about 0.1 to 30% 
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by weight as Si0 2 - However, a concentration exceeding the above range 
may also be used. 

It is preferable that the preparation of the aqueous solution in step 
(d-l) is conducted at a temperature in the range of about the room 
5 temperature to 100°C and more preferably in the range of about the room 
temperature to 60°C under stirring. The aqueous solutions used for the 
mixing are used in amounts such that the ratio of the amounts by weight 
of W0 3 /Sn02 is 0.1 to 100 and the ratio of the amounts by weight of 
Si0 2 /Sn0 2 is 0.1 to 100. 
10 [0016] 

In step (d-2), cations present in the aqueous solution obtained in 
step (d"l) are removed. As the method for removing cations, the method 
of bringing the solution into contact with an ion exchanger of the 
hydrogen type or the method of salting out can be used. As the ion 
15 exchanger used above, a conventional ion exchanger such as a commercial 
cation exchange resin of the hydrogen type can be used. 
[0017] 

When the concentration of the sol is small, where desired, the 
aqueous sol obtained via steps (d-l) and (d"2) may be treated for 

20 increasing the concentration in accordance with a conventional method of 
concentration such as the vaporization method and the ultrafiltration 
method. In particular, the ultrafiltration method is preferable. In the 
concentration, it is preferable that the temperature of the sol is kept at 
about 100°C or lower and more preferably 60°C or lower. 

25 A sol in a hydrophilic organic solvent, which is called an organosol, 

is obtained by replacing water in the aqueous sol obtained in step (d) with 

15 
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a hydrophilic organic solvent. 
[0018] 

The sol of a tungsten oxide-stannic oxide-silicon dioxide composite 
obtained in step (d) comprises pai^ticles of a composite comprising 
5 tungsten oxide, stannic oxide and silicon dioxide in which stannic oxide, 
tungsten oxide and silicon dioxide form a composite uniform at the atomic 
level (a solid solution). Therefore, the above sol cannot be obtained by 
simply mixing three types of sols which are a sol of tungsten oxide, a sol of 
stannic oxide and a sol of silicon dioxide. 

10 Since particles of the tungsten oxide-stannic oxide-silicon dioxide 

composite form a solid solution in the sol of a tungsten oxide-stannic 
oxide-silicon dioxide composite, even if the solvent is replaced, the sol is 
not decomposed into particles of tungsten oxide, particles of stannic oxide 
and particles of silicon dioxide. 

15 The sol of a tungsten oxide-stannic oxide-silicon dioxide composite 

provides improved water resistance, moisture resistance and 
weather ability in comparison with a sol of a tungsten oxide-stannic oxide 
composite when the sol is applied to a substrate and a coating film is 
formed. 

20 [0019] 

The ratio of the amounts by weight of W0 3 /Sn0 2 in the sol obtained 
in step (d) is 0.1 to 100 as described above. When the ratio of the 
amounts by weight is smaller than 0.1, the sol is unstable. When the 
ratio of the amounts by weight exceeds 100, the sol is also unstable. An 
25 oxycarboxylic acid which is added in the preparation of the above 
organosol from an aqueous sol having a great pH value contributes to the 
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stability of the sol. It is preferable that the amount of addition of the 
oxycarboxylic acid is less than 30% by weight based on the total of the 
amounts of WO3, Sn02 and Si0 2 in the sol. Addition of 30% or greater 

amount by weight may result in the reduced water resistance of the dried 
5 coating film obtained by using the sol. Examples of the oxycarboxylic 
acid include lactic acid, tartaric acid, citric acid, gluconic acid, malic acid 
and glycol. Examples of the alkali component include hydroxides of 
alkali metals such as Li, Na, K, Rb and Cs; NH 4 + ; alkylamines such as 

ethylamine, triethylamine, isopropylamine and n-propylaminei 
10 aralkylamines such as benzylamine; alicyclic amines such as piperidine; 
and alkanolamines such as monoethanolamine and triethanolamine. The 
alkali component may be used in combination of two or more and may be 
used in combination with the above acidic component. pH of the sol 
changes depending on the amount of the alkali metal, ammonium, the 
15 amine or the oxycarboxylic acid in the sol. When pH is smaller than 1, 
the sol is unstable. When pH exceeds 9, the colloid particles of a 
tungsten oxide-stannic oxide-silicon dioxide composite tend to be dissolved 
into the fluid. When the total of the amounts of WO3, Sn0 2 and Si0 2 in 

the sol exceeds 40% by weight, the sol is unstable. When the 
20 concentration is excessively small, the condition is not practical. The 
concentration preferable as the industrial product is in the range of 5 to 
30% by weight. 

When the ultrafiltration is used as the method for the concentration, 
polyanions and very small particles present in the sol pass through the 
25 membrane of ultrafiltration together with water, and the polyanions and 
very small particles which cause instability of the sol can be removed. 
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[0020] 

In step (e), the aqueous sol of a stannic oxide -zirconium oxide 
composite obtained in step (c) in an amount of 100 parts by weight as the 
total of the amounts of Zr0 2 and Sn0 2 in the aqueous sol is mixed with 

the sol of a tungsten oxide-stannic oxide-silicon dioxide composite having 
a particle diameter of 2 to 7 nm, a ratio of the amounts by weight of 
W0 3 /Sn0 2 of 0.1 to 100 and a ratio of the amounts by weight of 
Si0 2 /Sn0 2 of 0.1 to 100 in an amount of 2 to 100 parts by weight as the 
total of the amounts of W0 3 , Sn0 2 and Si0 2 in the sol at 0 to 100°C. 

In step (e), by bonding the colloidal particles of a tungsten 
oxide-stannic oxide-silicon dioxide composite to the surface of the colloid 
particles of a stannic oxide -zirconium oxide composite so that the surface 
of the colloid particles of a stannic oxide -zirconium oxide composite is 
covered with the colloidal particles of a tungsten oxide-stannic 
oxide-silicon dioxide composite, colloid particles of a stannic 
oxide-zirconium oxide composite modified in a manner such that the 
colloid particles of a stannic oxide -zirconium oxide composite are present 
as the nuclei and the surface of the particles is provided with the property 
of the tungsten oxide-stannic oxide-silicon dioxide composite, are formed. 
The modified colloid particles of a stannic oxide-zirconium oxide composite 
can be obtained as a sol dispersed in a liquid medium with stability. 

In step (e), the sol having the colloid particles of the composite 
dispersed in a liquid medium can be obtained by mixing together the sol of 
a tungsten oxide-stannic oxide-silicon dioxide composite prepared in step 
(d) and the aqueous sol of a stannic oxide -zirconium oxide composite 
prepared in step (c), followed by adding active silicic acid stabilized with 
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an amine and stirring for 1 to 3 hours. The active silicic acid stabilized 
with an amine can be obtained, for example, by cation exchange of sodium 
silicate, followed by addition of an amine, examples of which include 
alkylamines such as ethylamine, triethylamine, isopropylamine, 
5 n-propylamine and diisobutylamine; aralkylamines such as benzylamineJ 
alicyclic amines such as piperidine; and alkanolamines such as 
monoethanolamine and triethanolamine. Among the above amines, 
alkylamines such as diisobutylamine are preferable. 
[0021] 

10 The sol of particles of a stannic oxide -zirconium oxide composite 

modified with the colloid particles of a tungsten oxide-stannic oxide-silicon 
dioxide composite can be obtained in accordance with step (e) in which the 
sol of the stannic oxide -zirconium oxide composite in an amount of 100 
parts by weight as the oxides (Zr0 2 +Sn0 2 ) with the sol of the tungsten 

15 oxide-stannic oxide-silicon dioxide composite described above in an 
amount such that the total of the amounts of WO3, Sn0 2 and Si0 2 in the 

sol is 2 to 100 parts by weight preferably under strong stirring, and then 

step (f) in which anions in the mixed sol are removed from the sol. 

[0022] 

20 The modified colloid particles of a stannic oxide -zirconium oxide 

composite in the sol obtained by mixing in step (e) can be observed by an 
electron microscope and have diameters of about 4.5 to 60 nm. The sol 
obtained by the above mixing has a pH of about 1 to 9. Since anions such 
as CI", N0 2 " and CH3COO" derived from the oxy zirconium salt used for 

25 the modification are contained in great amounts, micro-flocculation of the 
colloid particles takes place, and the transparency of the sol is decreased. 
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The transparent and stable sol of the modified colloid particles of a 
stannic oxide -zirconium oxide composite can be obtained by removing 
anions in step (f), from the sol obtained by the above-mentioned mixing. 
[0023] 

5 The removal of anions in step (f) can be achieved by treating the sol 

obtained by the mixing with an anion exchange resin of the hydroxyl 
group type, in general, at a temperature of 100°C or lower and preferably 
in the range of about the room temperature to 60°C. As the anion 
exchange resin of the hydroxyl group type, a commercial product may be 

10 used. An anion exchange resin of the strong base type such as 
AMBERLITE IRA-410 is preferable. 

It is preferable that the treatment with the anion exchange resin of 
the hydroxyl group type in step (f) is conducted under the condition such 
that the concentration of the metal oxides in the sol obtained by mixing in 

15 step (e) is 1 to 10% by weight. 
[0024] 

When a further increase in the concentration of the modified 
stannic oxide -zirconium oxide composite in the sol obtained in steps (a) to 
(f) is desired, the concentration can be increased in accordance with a 

20 conventional method such as distillation and ultrafiltration. The 
maximum concentration is about 50% by weight. When the adjustment 
of pH of the sol is desired, the adjustment can be conducted by adding 
hydroxide of the alkali metal, ammonium hydroxide, the amine or the 
oxycarboxylic acid described above to the sol after the concentration. In 

25 particular, a sol having the total of the concentrations of the above metal 
oxides (Zr0 2 +Sn0 2 ) + (W0 3 +Sn0 2 +Si0 2 ) of 10 to 50% by weight is 
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preferable from the standpoint of the practical application. 

The entire surface or a portion of the surface of the colloid particles 
in the sol of the modified stannic oxide -zirconium oxide composite 
obtained in step (f) can be coated with a silane compound such as ethyl 
5 silicate, me thy ltrimethoxy silane and yglycidoxypropyl- trimethoxy silane 
or a hydrolysis product of the silane compound. 
[0025] 

When the sol of the modified stannic oxide -zirconium oxide 
composite obtained by the above mixing is an aqueous sol, an organosol 

10 can be obtained by replacing the water medium in the aqueous sol with a 
hydrophilic organic solvent. The replacement can be conducted in 
accordance with a conventional method such as the method of 
replacement by distillation and the ultrafiltration. Examples of the 
hydrophilic organic solvent include lower alcohols such as methyl alcohol, 

15 ethyl alcohol and isopropyl alcohol; linear chain amines such as 
dimethylformamide and N,N'-dimethylacetamide; cyclic amides such as 
N-methyl-2-pyrrolidone; and glycols such as ethylcellosolve, propylene 
glycol monomethyl ether and ethylene glycol. 

The replacement of water with the hydrophilic organic solvent can 

20 be conducted easily in accordance with a conventional method such as the 
method of replacement by distillation and the ultrafiltration method. 
[0026] 

The modified colloid particles of the stannic oxide -zirconium oxide 
composite having the surface covered with the colloid particles of the 
25 tungsten oxide-stannic oxide-silicon dioxide composite in accordance with 
the present invention have the negative charge in the sol. The colloid 
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particles of the stannic oxide -zirconium oxide composite have the positive 
charge, and the colloid particles of the tungsten oxide-stannic oxide-silicon 
dioxide composite have the negative charge. Therefore, the colloid 
particles of the tungsten oxide-stannic oxide-silicon dioxide composite 
5 having the negative charge are electrically attracted to the vicinity of the 
colloid particles of the stannic oxide*zirconium oxide composite having the 
positive charge in the mixing in step (e). The colloid particles of the 
tungsten oxide-stannic oxide-silicon dioxide composite are bonded to the 
surface of the colloid particles having the positive charge through the 

10 chemical bond. The particles having the positive charge work as the 
nuclei, and the surface of the nuclei is entirely covered with the colloid 
particles of the tungsten oxide-stannic oxide-silicon dioxide composite. 
Thus, the modified colloid particles of the stannic oxide -zirconium oxide 
composite are formed. The mechanism can be considered as described 

15 above. 
[0027] 

When the colloid particles of the stannic oxide -zirconium oxide 
composite having diameters of 4 to 50 nm as the nuclear sol and the 
colloid particles of the tungsten oxide-stannic oxide-silicon dioxide 

20 composite as the coating sol are mixed together, it is difficult that a stable 
sol is obtained when the total of the amounts of metal oxides of 
(W0 3 +Sn0 2 +Si0 2 ) in the coating sol is less than 2 parts by weight per 
100 parts by weight of the metal oxides (Zr0 2 and Sn0 2 ) as the nuclear 
sol. The reason is considered as follows. When the amount of the colloid 

25 particles of the tungsten oxide-stannic oxide-silicon dioxide composite is 
insufficient, coverage of the surface of the colloid particles of the stannic 
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oxide -zirconium oxide composite as the nuclei with the colloid particles of 
the composite in the coating sol becomes insufficient, and flocculation of 
the formed colloid particles tends to take place, to cause instability of the 
formed sol. Therefore, the amount of the colloid particles of the tungsten 
5 oxide-stannic oxide-silicon dioxide composite used for the mixing is at 
least the minimum amount necessary for forming the stable sol of the 
modified colloid particles of the stannic oxide -zirconium oxide composite 
although the amount may be less than the amount necessary for covering 
the entire surface of the colloid particles of the stannic oxide-zirconium 

10 oxide composite. When the colloid particles of the tungsten oxide-stannic 
oxide-silicon dioxide composite is used for the mixing in an amount 
exceeding the amount used for covering the surface, the obtained sol is 
simply a stable mixture comprising the sol of the colloid particle of the 
tungsten oxide-stannic oxide-silicon dioxide composite and the sol of the 

15 modified colloid particles of the stannic oxide -zirconium oxide composite 
formed by the mixing. 

For the modification of the colloid particles of the stannic 
oxide -zirconium oxide composite by the coating of the surface, it is 
preferable that the amount of the colloid particles of the tungsten 

20 oxide-stannic oxide-silicon dioxide composite in the coating sol is 100 parts 
by weight or less expressed as the total of the amounts of the oxides 
(W03+Sn02+Si0 2 ) per 100 parts by weight of the metal oxides (Zr0 2 and 
Sn02) in the nuclear sol. 
[0028] 

25 The preferable aqueous sol of the modified stannic oxide -zirconium 

oxide composite used in the present invention has a pH of about 3 to 11. 
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When the pH is smaller than 3, the formed sol tends to be unstable. 
When the pH exceeds 11, the tungsten oxide-stannic oxide-silicon dioxide 
composite coating the modified colloid particles of the stannic 
oxide -zirconium oxide composite tends to be dissolved into the fluid. 
5 When the total of the amounts of the metals of (Zr0 2 +Sn0 2 ) + 
(W03+Sn0 2 +Si0 2 ) in the sol of the modified colloid particles of the 
stannic oxide -zirconium oxide composite exceeds 60% by weight, the 
formed sol tends to be unstable. As the industrial product, a 
concentration of about 10 to 50% by weight is preferable. 

10 Since the colloid particles of the tungsten oxide-stannic 

oxide -silicon dioxide composite tend to be hydrolyzed at high temperatures, 
it is preferable that the temperature is 100°C or lower in the mixing in 
step (e), in the anion exchange in step (f) and in the increase in the 
concentration, the adjustment of pH and the replacement of the solvents 

15 after step (f). 
[0029] 

In the coating composition used in the present invention, an 

organosilicon compound is used as component (B). As the organosilicon 

compound, for example, at least one compound selected from compounds 

20 represented by general formula (I)* 

Rl n Si(OR2) 4 . n ^ (I) 

wherein R 1 represents a monovalent hydrocarbon group having 1 to 20 
carbon atoms which has or does not have functional groups, R 2 represents 
an alkyl group having 1 to 8 carbon atoms, aryl group having 6 to 10 
25 carbon atoms, an aralkyl group having 7 to 10 carbon atoms or an acyl 
group having 2 to 10 carbon atoms, n represents 0, 1 or 2, a plurality of 
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groups represented by R 1 may be the same with or different from each 
other when a plurality of R 1 are present, and a plurality of groups 
represented by OR 2 may be the same with or different from each other 
when a plurality of OR 2 are present; 
compounds represented by general formula (II): 

(OR 3 )- Si — Y — Si (Or\, 

aa | | ab -(ID 

wherein R 3 and R 4 each represent an alkyl group having 1 to 4 carbon 
atoms or an acyl group having 2 to 4 carbon atoms, the groups 
represented by R 3 and R 4 may be the same with or different from each 
other, R 5 and R 6 each represent a monovalent hydrocarbon group having 
1 to 5 carbon atoms having or not having functional groups, the groups 
represented by R 5 and R 6 may be the same with or different from each 
other, Y represents a divalent hydrocarbon group having 2 to 20 carbon 
atoms, a and b each represent 0 or 1, a plurality of groups represented by 
OR 3 may be the same with or different from each other, and a plurality of 
groups represented by OR 4 may be the same with or different from each 
other; 

and hydrolysis products thereof, is used. 
[0030] 

Among the groups represented by R 1 in general formula (I) shown 
above, examples of the monovalent hydrocarbon group having 1 to 20 
carbon atoms include linear, branched and cyclic alkyl groups having 1 to 
20 carbon atoms, linear, branched and cyclic alkenyl groups having 2 to 20 
carbon atoms, aryl groups having 6 to 20 carbon atoms and aralkyl groups 
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having 7 to 20 carbon atoms. As the alkyl group having 1 to 20 carbon 
atoms, alkyl groups having 1 to 10 carbon atoms are preferable. 
Examples of the alkyl group include methyl group, ethyl group, n propyl 
group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, 
5 tert-butyl group, pentyl group, hexyl group, octyl group, cyclopentyl group 
and cyclohexyl group. As the alkenyl group having 2 to 20 carbon atoms, 
alkenyl groups having 2 to 10 carbon atoms are preferable. Examples of 
the alkenyl group include vinyl group, allyl group, butenyl group, hexenyl 
group and octenyl group. As the aryl group having 6 to 20 carbon atoms, 

10 aryl groups having 6 to 10 carbon atoms are preferable. Examples of the 
aryl group include phenyl group, tolyl group, xylyl group and naphthyl 
group. As the aralkyl group having 7 to 20 carbon atoms, aralkyl groups 
having 7 to 10 carbon atoms are preferable. Examples of the aralkyl 
group include benzyl group, phenetyl group, phenylpropyl group and 

15 naphthylmethyl group. 
[0031] 

Functional groups .may be introduced into the hydrocarbon group. 
Examples of the functional group include halogen atoms, glycidoxy group, 
epoxy group, amino group, mercapto group, cyano group and 

20 (meth)acryloyloxy group. As the hydrocarbon group having the 
functional group, alkyl groups having the functional group and 1 to 10 
carbon atoms are preferable. Examples of the alkyl group having the 
functional group include ychloropropyl group, 3,3,3-trichloropropyl group, 
chloromethyl group, glycidoxymethyl group, orglycidoxyethyl group, 

25 p-glycidoxyethyl group, a -glycidoxy propyl group, p-glycidoxypropyl group, 
y-glycidoxypropyl group, crglycidoxybutyl group, p-glycidoxybutyl group, 
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y glycidoxybutyl group , 5 - glycidoxybutyl group , (3 , 4 -epoxycyclohexyl) - 
methyl group, p-(3,4-epoxycyclohexyl)ethyl group, y-(3,4-epoxycyclohexyl)- 
propyl group, §-(3,4-epoxycyclohexyl)butyl group, N-(p-aminoethyl)-y- 
aminopropyl group, y-aminopropyl group, ymercaptopropyl group, 
5 p-cyanoethyl group, ymethacryloyloxypropyl group and yacryloyloxy- 
propyl group. 
[0032] 

The alkyl group having 1 to 8 carbon atoms represented by R 2 may 
be a linear, branched or cyclic alkyl group. Examples of the alkyl group 

10 include methyl group, ethyl group, n-propyl group, isopropyl group, 
n-butyl group, isobutyl group, sec-butyl group, tert-butyl group, pentyl 
group, hexyl group, cyclopentyl group and cyclohexyl group. Examples of 
the aryl group include phenyl group and tolyl group. Examples of the 
aralkyl group include benzyl group and phenetyl group. Examples of the 

15 acyl group include acetyl group. 

n represents 0, 1 or 2. When a plurality of R 1 are present, a 
plurality of groups represented by R 1 may be the same with or different 
from each other. When a plurality of OR 2 are present, a plurality of 
groups represented by OR 2 may be the same with or different from each 

20 other. 
[0033] 

Examples of the compound represented by general formula (I) 
include methyl silicate, ethyl silicate, n-propyl silicate, isopropyl silicate, 
n-butyl silicate, sec-butyl silicate, tert-butyl silicate, tetraacetoxysilane, 
25 me thyltrimethoxy silane , methyltripropoxy silane , me thyltriacetoxy silane , 
methyltributoxysilane, me thy ltriamyloxy silane, methyltriphenoxysilane, 
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methyltribenzyloxysilane, methytriphenetyloxysilane, glycidoxymethyl- 
trimethoxysilane, glycidoxymethyltriethoxysilane, 
a-glycidoxyethyltrimethoxysilane, a-glycidoxyethyltrie thoxysilane, 

p-glycidoxyethyltriethoxysilane, a-glycidoxypropyltrimethoxysilane, 
5 a- gly cidoxypropyltrie thoxy silane , P - glycidoxyp ropyltrime thoxysilane , 

P - gly cidoxypropyltrie thoxy silane , y - glycidoxyp ropyltrime thoxy silane , 

y-glycidoxypropyltriethoxysilane, y-glycidoxypropyltripropoxysilane, 
y-glycidoxypropyltriphenoxylsilane, orglycidoxybutyltrimethoxysilane, 
a - gly cidoxy b utyltrie thoxy silane , p - gly cidoxyb utyltrime thoxy silane , 

10 P - glycidoxybutyltriethoxy silane , y glycidoxybutyltrimethoxysilane , 

y gly cidoxyb utyltrie thoxy silane, 5-glycidoxybutyltrimethoxysilane, 
8-glycidoxybutyltriethoxysilane, (3,4-epoxycyclohexyl)methyltrimethoxy- 
silane, (3,4-epoxycyclohexyl)methyltriethoxysilane, p-(3,4-epoxy 

cyclohexyDethyltrimethoxysilane, p-(3,4-epoxycyclohexyl)ethyltriethoxy- 

15 silane, p-(3,4-epoxycyclohexyl)ethyltripropoxysilane, p-(3,4~epoxy- 
cyclohexyDethyltributoxysilane, p-(3,4-epoxycyclohexyl)ethyltriphenoxy- 
silane, y-(3,4-epoxycyclohexyl)propyltriemthoxysilane, y(3,4-epoxy- 
cy clohexyDp rop yl trie thoxy silane , 5 - (3 , 4 - ep oxycy clohexyDb utyltrime thoxy - 
silane, 5-(3,4-epoxycyclohexyl)butyltriethoxysilane, glycidoxymethyl- 

20 me thyldime thoxysilane, glycidoxymethylmethyldiethoxysilane, 
a-glycidoxyethylmethyldimethoxysilane, a- gly cidoxy ethylme thy ldie thoxy- 
silane , P ■ gly cidoxye thylme thyldime thoxy silane , P - gly cidoxye thyl- 
methyldie thoxy silane, a- glycidoxyp ropylmethyldimethoxysilane, or 
glycidoxypropylmethyldiethoxysilane, P-glycidoxypropylmethyl- 

25 dimethoxysilane, a-glycidoxypropylmethyldiethoxysilane, y-glycidoxy- 
propylmethyldimethoxy silane, y-glycidoxypropylmethyldiethoxysilane, 
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y-glycidoxypropylmethyldipropoxysilane, yglycidoxypropylmethoxy silane, 
y-glycidoxypropylmethyldiphenoxysilane, y-glycidoxypropylethyl- 
dimethoxy silane, y glycidoxypropylethyldiethoxysilane, yglycidoxy- 
p ropylvinyldime thoxysilane , y glycidoxypropy lvinyldie thoxy silane , 

5 y-glycidoxypropylphenyldimethoxysilane, y glycidoxypropylphenyl- 

die thoxysilane, ethyltrimethoxy silane, ethyltrie thoxy silane, 

vinyltrimethoxy silane, vinyltriacetoxy silane, vinyltriethoxy silane, 
phenyltrimethoxysilane, phenyltriethoxysilane, phenyltriacetoxy silane, 
y-chloropropyltrimethoxysilane, y-chloropropyltriacetoxysilane, 3,3,3- 

1 0 trifluoropropyltrimethoxy silane , y -me thacryloyloxypropyltrimethoxysilane , 
y-mercaptopropyltrimethoxysilane, ymercaptopropyltriethoxysilane, 
p-cyanoethyltriethoxysilane, chloromethyltrime thoxy silane, chloromethyl- 
trie thoxy silane , N - ((3 - aminoethyl) -y- aminopropyltrimethoxysilane , 

N-(p-aminoethyl)-yaminopropylmethyldimethoxysilane, yaminopropyT 

1 5 methyldimethoxysilane, N-(p- aminoethyl) -y aminopropylmethyl- 

dime thoxy silane , N- (p - aminoethyl) -y aminopropylme thyldiethoxy silane , 
dimethyldimethoxy silane, phenylmethyldimethoxysilane, dimethyl- 
diethoxysilane, phenylmethyldiethoxysilane, ychloropropylmethyl- 
dimethoxysilane, ychloropropylmethyldie thoxysilane, dimethyldiacetoxy 

20 silane, y-methacryloyloxypropylmethyldimethoxysilane, ymethacryloyl- 
oxypropylmethyldiethoxysliane, ymercaptopropylmethyldimethoxysilane, 
y-mercaptopropylmethyldie thoxysilane, methylvinyldimethoxysilane and 
methy lvinyldie thoxysilane . 

25 [0034] 

Examples of the alkyl group having 1 to 4 carbon atoms which is 
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represented by R 3 and R 4 in general formula (II) include methyl group, 
ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, 
sec-butyl group and tert*butyl group. As the acyl group having 2 to 4 
carbon atoms, acetyl group is preferable. The groups represented by R 3 
5 and R 4 may be the same with or different from each other. Examples of 
the monovalent hydrocarbon group having 1 to 5 carbon atoms which is 
represented by R 5 and R 6 include alkyl groups having 1 to 5 carbon atoms 
and alkenyl groups having 2 to 5 carbon atoms. The alkyl group and the 
alkenyl group may be linear or branched. Examples of the alkyl group 
10 include methyl group, ethyl group, n-propyl group, isopropyl group, 
n-butyl group, sec-butyl group, tert*butyl group and pentyl group. 
Examples of the alkenyl group include vinyl group, allyl group and 
butenyl group. 
[0035] 

15 Functional groups may be introduced into the hydrocarbon group. 

Examples of the functional group and the hydrocarbon group having the 
functional group include those groups mentioned while describing R 1 in 
general formula (I). The groups represented by R 5 and R 6 may be the 
same with or different from each other. As the divalent hydrocarbon 

20 group having 2 to 20 carbon atoms which is represented by Y, alkylene 
groups and alkylidene groups having 2 to 10 carbon atoms are preferable. 
Examples include methylene group, ethylene group, propylene group, 
butylene group, ethylidene group and propylidene group. 

a and b each represent 0 or 1. A plurality of groups represented by 

25 OR 3 may be the same with or different from each other, and a plurality of 
groups represented by OR 4 may be the same with or different from each 
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other. 
[0036] 

Examples of the compound represented by general formula (II) 
include methylenebis(methyldimethoxysilane), ethylenebis(ethyl- 
dimethoxysilane), propylenebis(ethyldiethoxysilane) and butylenebis- 
(methyldiethoxysilane) . 
[0037] 

In the coating composition used in the present invention, a single 
compound or a combination of two or more compounds suitably selected 
from the compounds represented by general formula (I), the compounds 
represented by general formula (II) and hydrolysis products thereof can be 
used as the organosilicon compound of component (B). The hydrolysis 
product can be prepared by adding a basic aqueous solution such as an 
aqueous solution of sodium hydroxide and an aqueous solution of 
ammonia or an acidic aqueous solution such as an aqueous solution of 
acetic acid and an aqueous solution of citric acid to the organosilicon 
compound represented by general formula (I) or general formula (II) and 
stirring the resultant solution. 
[0038] 

As for the relative amounts of the modified colloid particles of a 
stannic oxide -zirconium oxide composite of component (A) and the 
organosilicon compound of component (B) in the coating composition used 
in the present invention, it is preferable from the standpoint of the 
refractive index and the excellent transparency that component (A) is 
contained in an amount of 1 to 500 parts by weight, more preferably 20 to 
250 parts by weight, and most preferably 50 to 200 parts by weight as the 



31 



SUBSTITUTE SPECIFICATION 



MARKED-UP COPY 



solid components per 100 parts by weight of component (B). 
[0039] 

The plastic substrate used in the present invention is not 
particularly limited. Examples of the material used for the substrate 
5 include plastic substrates such as the homopolymer of methyl 
methacrylate, copolymers obtained from methyl methacrylate and one or 
more types of other monomers as the monomer components, the 
homopolymer of diethylene glycol bisallylcarbonate, copolymers of 
diethylene glycol bisallylcarbonate and one or more types of other 

10 monomers as the monomer components, copolymers having sulfur atoms, 
copolymers having halogen atoms, polycarbonates, polystyrene, polyvinyl 
chloride, unsaturated polyesters, polyethylene terephthalate, 
polyurethanes and polythiourethanes. When the excellent appearance is 
considered (i.e., the absence of interference fringes due to the difference of 

15 the refractive index between the coating film and the lens substrate), 
plastic lenses having a refractive index of 1.55 to 1.62 are preferable. 
[0040] 

Where desired, the coating composition used in the present 
invention may further comprise hardening agents in order to accelerate 

20 the reaction, fine particles of metal oxides in order to adjust the refractive 
indices of the coating composition and the lens comprising various types of 
substrates, and various types of organic solvents and surfactants in order 
to improve the wetting property during the coating and the smoothness of 
the hard coat film. Ultraviolet light absorbents, antioxidants and light 

25 stabilizers may be added as long as the physical properties of the hard 
coat film are not affected. 
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[0041] 

Examples of the hardening agent include amines such as 
allylamine and ethylamine and various acids and bases including Lewis 
acids and Lewis bases. Examples of the acid and the base include 
5 organic carboxylic acids, chromic acid, hypochlorous acid, boric acid, 
perchloric acid, hydrobromic acid, selenious acid, thiosulfuric acid, 
orthosilicic acid, thiocyanic acid, nitrous acid, aluminic acid, carbonic acid, 
salts and metal salts of these acids and metal alkoxides and metal chelate 
compounds having aluminum, zirconium and titanium. From the 

10 standpoint of the scratch resistance, metal salts of acetylacetone are 
preferable as the hardening agent. Examples of the metal salt of 
acetylacetone used as component (C) include metal complex compounds 
represented by MKCH 3 COCHCOCH 3 ) nl (OR 6 ) n2 > wherein M 1 represents 
Zn(II), Ti(IV), Co(II), Fe(II), Cr(III), Mn(II), V(III), V(IV), Ca(II), Co(III), 

15 Cu(II), Mg(II) or Ni(II); R 6 represents a hydrocarbon group having 1 to 8 
carbon atoms; nl+n2 represents a number corresponding to the valence of 
the metal represented by M 1 which is 2, 3, or 4; and n2 represents 0, 1 or 
2. Examples of the group represented by R 6 include the hydrocarbon 
groups having 1 to 8 carbon atoms among the groups described as the 

20 examples of the hydrocarbon groups having 1 to 10 carbon atoms in 
general formula (I). 
[0042] 

Examples of the fine particles of a metal oxide include conventional 
fine particles of metal oxides such as fine particles of aluminum oxide, 
25 titanium oxide, antimony oxide, zirconium oxide, silicon oxide, cerium 
oxide and iron oxide. 
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[0043] 

The hardening of the coating composition is conducted, in general, 
by drying with the heated air or by irradiation with an active energy 
radiation. As for the condition of the hardening, it is preferable that the 
5 hardening is conducted in the air heated at 70 to 200°C and more 
preferably at 90 to 150°C. As the active energy radiation, far infrared 
light can be used, and damages due to the heat can be suppressed. 
[0044] 

Examples of the method for forming the hard coat film on the 
10 substrate using the coating composition of the present invention include 
methods of applying the above coating composition to the substrate to 
form a coating layer. As the means for the application, a conventional 
method such as the dipping method, the spin coating method and the 
spray coating method can be used. From the standpoint of the accuracy 
15 of the surface, the dipping method and the spin coating method are 
preferable. 

Adhesion between the substrate and the hard coat film can be 
improved by subjecting the substrate to a surface treatment before the 
coating composition is applied to the substrate. Examples of the surface 

20 treatment include chemical treatments such as the treatment with an acid, 
an alkali or various types of organic solvents; physical treatments such as 
the treatment with plasma or ultraviolet light; treatments with cleaning 
agents using various types of cleaning agents; the sand blast treatment; 
and the primer treatment using various types of resins. 

25 An antireflection film may be formed on the hard coat film using an 

inorganic compound or an organic compound as the material in 
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accordance with a physical vapor deposition method such as the vacuum 
vapor deposition method and the sputtering method after the coating 
composition is applied to the substrate and the hard coat film is formed. 



The plastic lens of the present invention can be used for spectacle 
lenses and lenses for cameras. 

EXAMPLES 
[0046] 

The present invention will be described more specifically with 
reference to examples in the following. However, the present invention is 
not limited to the examples. The properties of the plastic lens having a 
hard coat film obtained in examples were measured in accordance with 
the following methods. 

After an obtained plastic lens was left standing at the room 
temperature for one day, evaluations (i) to (iv) shown in the following 
were conducted. 

(i) Evaluation of interference fringes 

A material for optical applications having a hard coat film was 
examined by visual observation under a fluorescent light. The criterion 
for the evaluation is shown in the following" 



[0045] 



excellent- 



no interference fringes found 



good* 



almost no interference fringes found 



fair* 



some interference fringes found 



poor- 



considerable interference fringes found 



(ii) Evaluation of adhesion 
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A hard coat film was cross-cut along grid lines drawn at a distance 
of 1.5 mm to form 100 pieces. After a pressure sensitive adhesive tape 
(the trade name: CELLOTAPE; manufactured by NICHIBAN Co., Ltd.) 
was strongly attached to the portion of the hard coat film having the grid 
5 lines, the pressure sensitive adhesive tape was rapidly cleaved. The 
presence or the absence of cleaved pieces was examined. The criterion 
for the evaluation is shown in the following: 
excellent: no cleaved pieces 
good: l to 10 pieces cleaved 

10 fair: 11 to 50 pieces cleaved 

poor: 51 to 100 pieces cleaved 

[0047] 

(iii) Evaluation of transparency 

The presence or the absence of cloudiness was examined by visual 
15 observation under a fluorescent light in a dark room. The criterion for 
the evaluation is shown in the following: 

excellent: no cloudiness found 
good: almost no cloudiness found 

fair: some cloudiness found 

20 poor: considerable cloudiness found 

(iv) Measurement of the Bayer value 

Using an abrasion tester BTE™ Abrasion Tester (manufactured by 
COLTS Laboratories, USA) and an apparatus for measuring the haze 
value (manufactured by Murakami Color Research Laboratory), the Bayer 
25 value was measured from the difference in the haze value from the 
reference lens. 
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(Number of sample and method for the measurement) 

(1) Three reference lenses (a substrate CR39) and three sample 
lenses were used for the measurement. 

(2) The haze value before the abrasion test was measured. 

(3) The abrasion test was conducted using BTE™ Abrasion 
Tester (abrasion of the surface with sand under 600 reciprocal 
movements). 

(4) The haze value after the abrasion test was measured. 

(5) The Bayer value was calculated (as the average value of three 
measurements) 

Bayer value = change in transmittance of reference lens / 
change in transmittance of sample lens 

[0048] 

[Preparation of modified colloid particles of a stannic oxide -zirconium 
oxide composite] 
Preparation Example 1 
Step (a) 

Oxalic acid (COOH) 2 2H 2 0 in an amount of 37.5 kg was dissolved 
into 220 kg of pure water. The resultant solution was placed into a 500 
liter vessel and heated until the temperature was elevated to 70°C under 
stirring. To the heated solution, 150 kg of a 35% aqueous solution of 
hydrogen peroxide and 75 kg of metallic tin (manufactured by Yamaishi 
Metals Co., Ltd.; the trade name: AT-SN, No. 200N) were added. 

The aqueous solution of hydrogen peroxide and metallic tin were 
added alternately as follows^ 10 kg of the 35% aqueous solution of 
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hydrogen peroxide was added first, and 5 kg of metallic tin was then 
added. After the reaction was completed (in 5 to 10 minutes), this 
operation was repeated. The time spent by the addition was 2.5 hours. 
After the addition was entirely completed, the reaction mixture was 
5 heated at 90°C for 1 hour, and the reaction was completed. The relative 
amounts of the aqueous solution of hydrogen peroxide and metallic tin 
were 2.48 expressed as the ratio of the amounts by mole of H 2 02/Sn. 

The obtained sol of stannic oxide exhibited very excellent 
transparency. The yield of the sol of stannic oxide was 352 kg. The 
10 specific gravity was 1.312, the pH was 1.49, and the viscosity was 44 
mPa s. The content of Sn0 2 was 26.1% by weight. 

When the obtained sol was observed by an electron microscope, 
spherical particles having diameters of 10 to 15 nm were dispersed in an 
excellent condition. Although the sol showed a slight tendency of 
15 increase in the viscosity when the sol was left standing, the sol was stable 
without formation of gel after being left standing at the room temperature 
for 6 months. 

The obtained sol in an amount of 230 kg was diluted with pure 
water to a concentration of 5% by weight as Sn0 2 , and 3 kg of 

20 isopropylamine was added to the diluted sol. The resultant mixture was 
passed through a column packed with an anion exchange resin 
(manufactured by ROHM & HAAS Company; the trade name- 
AMBERLITE IRA-410), aged by heating at 90°C for 1 hour and passed 
through a column packed with the anion exchange resin (described above; 

25 the trade name: AMBERLITE IRA-410), and 1,431 kg of an alkaline sol of 
stannic oxide was obtained. 

38 



SUBSTITUTE SPECIFICATION MARKED-UP COPY 

The obtained sol in an amount of 400 kg was treated by heating at 
140°C for 5 hours. 
[0049] 
Step (b) 

5 To 870 g of an aqueous solution of zirconium oxy chloride (the 

concentration of Zr0 2 : 18.4% by weight) (the content of zirconium- 160 g 
as Zr0 2 ), 1 kg of pure water was added. To the obtained solution, 25.7 kg 
of the alkaline sol of stannic oxide obtained in step (a) (1,068 g as Sn0 2 ) 

was added at the room temperature under stirring. The obtained mixed 
10 fluid was a sol having a ratio of the amounts by weight of Zr0 2 /Sn0 2 of 

0.15 and exhibiting a slightly colloidal color and excellent transparency. 

[0050] 

Step (c) 

The mixed fluid prepared in step (b) was treated by heating at 90°C 

15 for 5 hours, and 27.6 kg of a sol of a stannic oxide -zirconium oxide 

composite was obtained. The sol had a content of 3.37% by weight as 
Sn0 2 , a content of 0.50% by weight as Zr0 2 and a content of 3.87% by 

weight as Sn0 2 +Zr0 2 and exhibited excellent transparency although the 
color was a colloidal color. 
20 [0051] 
Step (d) 

Diatom No. 3 (having a content of 29.0% by weight as Si0 2 ) in an 

amount of 207 g was dissolved into 2,650 g of water, and then 60.8 g of 
sodium tungstate Na 2 W0 4 -2H 2 0 (having a content of 74% by weight as 

25 WO 3 ) and 81.8 g of sodium stannate NaSn03 H 2 0 (having a content of 

55% by weight as Sn0 2 ) were dissolved into the resultant fluid. The 
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obtained fluid was passed through a column packed with a cation 
exchange resin of the hydrogen type (manufactured by ROHM & HAAS 
Company; the trade name: AMBERLITE IR-120B), and 3,450 g of an 
acidic sol of a tungsten oxide-stannic oxide-silicon dioxide composite (pH: 
5 2.1; the contents : 1.3% by weight as WO3, 1.3% by weight as Sn0 2 and 
1.7% by weight as Si0 2 ; the ratio of the amounts by weight: 
WO 3 /SnO 2 =1.0 and Si0 2 /Sn0 2 =1.33; the particle diameter: 2.5 nm) was 

obtained. 
[0052] 
10 Step (e) 

To 3,450 g of the sol of a tungsten oxide-stannic oxide-silicon 
dioxide composite prepared in step (d) (having a content of 150 g as 
W0 3 +Sn0 2 +Si0 2 ), 12,200 g of the sol of a stannic oxide -zirconium oxide 
composite prepared in step (c) (having a content of 500 g as Zr0 2 +Sn0 2 ) 
15 was added over 20 minutes at the room temperature under stirring, and 
the stirring was continued further for 30 minutes. The obtained mixed 
fluid had a ratio of the amounts by weight of the colloid particles of a 
tungsten oxide*stannic oxide-silicon dioxide composite (W0 3 +Sn0 2 +Si0 2 ) 

to the colloid particles of a stannic oxide -zirconium oxide composite 
20 (Zr0 2 +Sn0 2 ), i.e., (W0 3 +Sn0 2 +Si0 2 )/(Zr0 2 +Sn0 2 ), of 0.30 and a content 

of the entire metal oxides of 4.2% by weight and exhibited the tendency of 
white turbidness due to the micro-flocculation of the colloid particles. 
[0053] 
Step (£) 

25 To 15,650 g of the mixed fluid obtained in step (e), 11.0 g of 

diisobutylamine was added. The obtained mixture was passed through a 
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column packed with an anion exchange resin of the hydroxyl group type 
(described above; AMBERLITE IRA-410) at the room temperature and 
aged by heating at 80 to 90°C for 1 hour, and 19,680 g of an aqueous sol of 
a modified stannic oxide -zirconium oxide composite (a dilute fluid) was 
5 obtained. The sol had a content of the entire metal oxides of 3.3% by 
weight and a pH of 10.64 and exhibited excellent transparency although 
the color was a colloidal color. 
[0054] 

The aqueous sol of a modified stannic oxide -zirconium oxide 
10 composite obtained in step (f) (the dilute fluid) was concentrated by a 
filtration apparatus having an ultrafiltration membrane having a 100,000 
molecular weight cut-off at the room temperature, and 2,641 g of an 
aqueous sol of a modified stannic oxide -zirconium oxide composite having 
a great concentration was obtained. This sol had a content of the entire 
15 metal oxides (Zr0 2 +Sn0 2 +W0 3 + Si0 2 ) of 24.6% by weight and was stable. 

To 2,641 g of the aqueous sol of the modified stannic 
oxide -zirconium oxide composite having the great concentration, 6.5 g of 
tartaric acid, 9.8 g of diisobutylamine and one drop of a defoaming agent 
(manufactured by SAN NOPCO LIMITED; the trade name: SN 

20 DEFOAMER 483) were added at the room temperature under stirring, 
and the resultant mixture was stirred for 1 hour. In a reactor flask 
equipped with a stirrer, water was removed from the sol by distillation 
under the ambient pressure while 24 liters of methanol was added in 
small portions, and 1,620 g of a methanol sol of a modified stannic 

25 oxide -zirconium oxide composite in which water in the aqueous sol was 
replaced with methanol was obtained. The sol had a specific gravity of 
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1.244, a pH of 6.78 (a mixture with the same amount by weight of water), 
a viscosity of 1.3 mPas, a concentration of the entire metal oxides 
(Zr0 2 +Sn0 2 +W0 3 +Si0 2 ) of 40.5% by weight, a content of water of 0.59% 

by weight and a particle diameter of 10 to 15 nm as measured by an 
5 electron microscope. 

After the sol was concentrated to a concentration of 47% by weight 
expressed as the concentration of the entire metal oxides 
(Zr0 2 +Sn0 2 +W03+Si0 2 ), the concentrated sol was placed into a 100 cm 3 

measuring cylinder, and the viscosity was measured using a viscometer of 
10 the B type having the No. 1 rotor at a rotation speed of 60 rpm. The 

viscosity was found to be 6.5 mPa s. 

The sol exhibited a colloidal color and excellent transparency and 

was stable without formation of precipitates or abnormal phenomena such 

as white turbidness and an increase in the viscosity after being left 
15 standing at the room temperature for 3 months. The product obtained 

after drying the sol had a refractive index of 1.85. 

[0055] 

Preparation Example 2 
20 In Preparation Example 2, the same procedures as those conducted 

in steps (a) to (c) in Preparation Example 1 were conducted, and the 
following steps were conducted thereafter. 
Step (d) 

Diatom No. 3 (having a content of 29.0% by weight as Si0 2 ) in an 

25 amount of 138 g was dissolved into 1,766 g of water, and then 40.5 g of 
sodium tungstate Na 2 W0 4 2H 2 0 (having a content of 74% by weight as 
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WO3) and 55.6 g of sodium stannate NaSn0 3 H 2 0 (having a content of 
55% by weight as Sn0 2 ) were dissolved into the resultant fluid. The 
obtained fluid was passed through a column packed with a cation 
exchange resin of the hydrogen type (described above; AMBERLITE 
5 IR-120B), and 2,520 g of an acidic sol of a tungsten oxide-stannic 
oxide-silicon dioxide composite (pH* 2.0; the contents* 1.2% by weight as 
WO3, 1.2% by weight as Sn0 2 and 1.6% by weight as Si0 2 ; the ratio of the 
amounts by weight- WO3/SnO 2 =1.0 and Si0 2 /Sn0 2 =1.33; the particle 
diameter- 2.5 nm) was obtained. 
10 [0056] 
Step (e) 

To 2,520 g of the sol of a tungsten oxide-stannic oxide-silicon 
dioxide composite obtained in step (d) (having a content of 150 g as 
W03+Sn0 2 +Si0 2 ), 12,200 g of the sol of a stannic oxide -zirconium oxide 
15 composite prepared in step (c) (having a content of 500 g as Zr0 2 +Sn0 2 ) 
was added over 20 minutes at the room temperature under stirring, and 
the stirring was continued further for 30 minutes. The obtained mixed 

fluid had a ratio of the amounts by weight of the colloid particles of a 
tungsten oxide-stannic oxide-silicon dioxide composite (W03+Sn0 2 +Si0 2 ) 

20 to the colloid particles of a stannic oxide -zirconium oxide composite 
(Zr0 2 +Sn0 2 ), i.e., (W0 3 +Sn0 2 +Si0 2 )/(Zr0 2 +Sn0 2 ), of 0.20 and a content 

of the entire metal oxides of 4.1% by weight and exhibited the tendency of 
white turbidness due to the micro-flocculation of the colloid particles. 
[0057] 
25 Step (f) 

To 14,720 g of the mixed fluid obtained in step (e), 11.0 g of 
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diisobutylamine was added. The obtained mixture was passed through a 
column packed with an anion exchange resin of the hydroxide type 
(described above; AMBERLITE IRA-410) at the room temperature and 
aged by heating at 80 to 90°C for 1 hour, and 18,480 g of an aqueous sol of 
5 a modified stannic oxide -zirconium oxide composite (a dilute fluid) was 
obtained. The sol had a content of the entire metal oxides of 3.2% by 
weight and a pH of 10.23 and exhibited excellent transparency although 
the color was a colloidal color. 
[0058] 

10 The aqueous sol of a modified stannic oxide -zirconium oxide 

composite obtained in step (f) (the dilute fluid) was concentrated by a 
filtration apparatus having an ultrafiltration membrane having a 100,000 
molecular weight cut-off at the room temperature, and 3,458 g of an 
aqueous sol of a modified stannic oxide -zirconium oxide composite having 

15 a great concentration was obtained. This sol had a content of the entire 
metal oxides (Zr02+Sn0 2 +W03+Si0 2 ) of 14.8% by weight and was stable. 

To 3,243 g of the aqueous sol of the modified stannic 
oxide -zirconium oxide composite having the great concentration, 4.8 g of 
tartaric acid, 7.2 g of diisobutylamine and one drop of a defoaming agent 

20 (described above; SN DEFOAMER 483) were added at the room 
temperature under stirring, and the resultant mixture was stirred for 1 
hour. In a reactor flask equipped with a stirrer, water was removed from 
the sol by distillation under the ambient pressure while 26 liters of 
methanol was added in small portions, and 1,240 g of a methanol sol of a 

25 modified stannic oxide -zirconium oxide composite in which water in the 
aqueous sol was replaced with methanol was obtained. The sol had a 
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specific gravity of 1.235, a pH of 6.95 (a mixture with the same amount by 
weight of water), a viscosity of 1.5 mPas, a concentration of the entire 
metal oxides (Zr0 2 +Sn0 2 +W0 3 +Si0 2 ) of 40.2% by weight, a content of 

water of 0.90% by weight and a particle diameter of 10 to 15 nm as 
5 measured by an electron microscope. 

The sol exhibited a colloidal color and excellent transparency and 
was stable without formation of precipitates or abnormal phenomena such 
as white turbidness and an increase in the viscosity after being left 
standing at the room temperature for 3 months. The product obtained 
10 after drying the sol had a refractive index of 1.85. 

[0059] 

Preparation Example 3 

In Preparation Example 3, the same procedures as those conducted 
15 in steps (a) to (c) in Preparation Example 1 were conducted, and the 
following steps were conducted thereafter. 
Step (d) 

Diatom No. 3 (having a content of 29.0% by weight as Si0 2 ) in an 

amount of 101.6 g was dissolved into 1,825 g of water, and then 32.3 g of 
20 sodium tungstate Na 2 W0 4 2H 2 0 (having a content of 74% by weight as 
W0 3 ) and 40.8 g of sodium stannate NaSn0 3 H 2 0 (having a content of 
55% by weight as Sn0 2 ) were dissolved into the resultant fluid. The 
obtained fluid was passed through a column packed with a cation 
exchange resin of the hydrogen type (described above; AMBERLITE 
25 IR-120B), and 2,640 g of an acidic sol of a tungsten oxide-stannic 
oxide-silicon dioxide composite (pH- 2.1; the contents- 0.9% by weight as 
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WO3, 0.9% by weight as Sn0 2 and 1.1% by weight as Si0 2 ; the ratio of the 
amounts by weight- WO 3 /SnO 2 =1.0 and Si0 2 /Sn0 2 =1.33; the particle 
diameter" 2.5 nm) was obtained. 
[0060] 
5 Step (e) 

To 2,640 g of the sol of a tungsten oxide-stannic oxide-silicon 
dioxide composite obtained in step (d) (having a content of 75 g as 
W0 3 +Sn0 2 +Si0 2 ), 12,200 g of the sol of a stannic oxide -zirconium oxide 
composite prepared in step (c) (having a content of 500 g as Zr0 2 +Sn0 2 ) 

10 was added over 20 minutes at the room temperature under stirring, and 
the stirring was continued further for 30 minutes. 

The obtained mixed fluid had a ratio of the amounts by weight of 
the colloid particles of a tungsten oxide-stannic oxide-silicon dioxide 
composite (W0 3 +Sn0 2 +Si0 2 ) to the colloid particles of a stannic 

15 oxide -zirconium oxide composite (Zr0 2 +Sn0 2 ), i.e., (W0 3 +Sn0 2 +Si0 2 )/ 
(Zr0 2 +Sn0 2 ), of 0.14 and a content of the entire metal oxides of 3.9% by 
weight and exhibited the tendency of white turbidness due to the 
micro-flocculation of the colloid particles. 
[0061] 

20 Step (f) 

To 14,840 g of the mixed fluid obtained in step (e), 11.0 g of 
diisobutylamine was added. The obtained mixture was passed through a 
column packed with an anion exchange resin of the hydroxide type 
(described above; AMBERLITE IRA-410) at the room temperature and 
25 aged by heating at 80 to 90°C for 1 hour, and 19,360 g of an aqueous sol of 
a modified stannic oxide -zirconium oxide composite (a dilute fluid) was 



46 



SUBSTITUTE SPECIFICATION 



MARKED-UP COPY 



obtained. The sol had a content of the entire metal oxides of 3.0% by 
weight and a pH of 10.50 and exhibited excellent transparency although 
the color was a colloidal color. 
[0062] 

5 The aqueous sol of a modified stannic oxide -zirconium oxide 

composite obtained in step (f) (the dilute fluid) was concentrated by a 
filtration apparatus having an ultrafiltration membrane having a 100,000 
molecular weight cut-off at the room temperature, and 2,352 g of an 
aqueous sol of a modified stannic oxide -zirconium oxide composite having 
10 a great concentration was obtained. This sol had a content of the entire 
metal oxides (Zr0 2 +Sn02+W03+Si0 2 ) of 22.0% by weight and was stable. 

To 2,272 g of the aqueous sol of the modified stannic 
oxide -zirconium oxide composite having the great concentration, 5.0 g of 
tartaric acid, 7.5 g of diisobutylamine and one drop of a defoaming agent 

15 (described above; SN DEFOAMER 483) were added at the room 
temperature under stirring, and the resultant mixture was stirred for 1 
hour. In a reactor flask equipped with a stirrer, water was removed from 
the sol by distillation under the ambient pressure while 22 liters of 
methanol was added in small portions, and 1,190 g of a methanol sol of a 

20 modified stannic oxide -zirconium oxide composite in which water in the 
aqueous sol was replaced with methanol was obtained. The sol had a 
specific gravity of 1.232, a pH of 6.92 (a mixture with the same amount by 
weight of water), a viscosity of 1.3 mPa-s, a concentration of the entire 
metal oxides (Zr02+Sn0 2 +W03+Si0 2 ) of 40.3% by weight, a content of 

25 water of 0.43% by weight and a particle diameter of 10 to 15 nm as 
measured by an electron microscope. 



47 



SUBSTITUTE SPECIFICATION 



MARKED-UP COPY 



The sol exhibited a colloidal color and excellent transparency and 
was stable without formation of precipitates or abnormal phenomena such 
as white turbidness and an increase in the viscosity after being left 
standing at the room temperature for 3 months. The product obtained 
5 after drying the sol had a refractive index of 1.85. 

[0063] 

Preparation Example 4 
Step (a) 

10 Oxalic acid (COOH^^H^O in an amount of 37.5 kg was dissolved 

into 363 kg of pure water. The resultant solution was placed into a 500 
liter vessel and heated until the temperature was elevated to 70°C under 
stirring. To the heated solution, 150 kg of a 35% aqueous solution of 
hydrogen peroxide and 75 kg of metallic tin (described above; the trade 

15 name: ATSN, No. 200N) were added. 

The aqueous solution of hydrogen peroxide and metallic tin were 
added alternately as follows^ 10 kg of the 35% aqueous solution of 
hydrogen peroxide was added first, and 5 kg of metallic tin was then 
added. After the reaction was completed (in 5 to 10 minutes), this 

20 operation was repeated. The time spent by the addition was 2.5 hours. 
After the addition was entirely completed, 10 kg of a 35% aqueous 
solution of hydrogen peroxide was added. The reaction mixture was 
heated at 90°C for 1 hour, and the reaction was completed. The ratio of 

the amounts by mole of the aqueous solution of hydrogen peroxide and 
25 metallic tin was 2.60 expressed as H 2 0 2 /Sn. 

The obtained sol of stannic oxide exhibited very excellent 
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transparency. The yield of the sol of stannic oxide was 622 kg. The 
specific gravity was 1.156, the pH was 1.56 and the content of Sn0 2 was 

15.0% by weight. 

When the obtained sol was observed by an electron microscope, 
5 spherical particles having diameters of 10 to 15 nm were dispersed in an 
excellent condition. Although the sol showed a slight tendency of 
increase in the viscosity when the sol was left standing, the sol was stable 
without formation of gel. 

The obtained sol in an amount of 622 kg was diluted with pure 
10 water to a concentration of 5% by weight as Sn0 2 , and 4.7 kg of 

isopropylamine was added to the diluted sol. The resultant mixture was 
passed through a column packed with an anion exchange resin (described 
above; AMBERLITE IRA-410), aged by heating at 95°C for 1 hour and 
passed through a column packed with the anion exchange resin (described 
15 above; AMBERLITE IRA-410), and 2,194 kg of an alkaline sol of stannic 
oxide was obtained. The obtained sol was treated by heating at 140°C for 
5 hours. 
[0064] 
Step (b) 

20 To 76.1 kg of an aqueous solution of zirconium oxychloride (the 

concentration of Zr0 2 : 17.68% by weight) (the content of zirconium: 13.5 
kg as Zr0 2 ), 330 kg of pure water and 3.2 kg of a 35% hydrochloric acid 

were added. To the obtained solution, 2,597 kg of the alkaline sol of 
stannic oxide obtained in step (a) (89.7 kg as Sn0 2 ) was added at the room 

25 temperature under stirring. The obtained mixed fluid was a sol having a 
ratio of the amounts by weight of Zr0 2 /Sn0 2 of 0.15 and exhibiting a 
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slight colloidal color and excellent transparency. 

[0065] 

Step (c) 

The mixed fluid prepared in step (b) was subjected to a heat 
5 treatment at 95°C for 5 hours, and 2,958 kg of a sol of a stannic 
oxide -zirconium oxide composite was obtained. The sol had a content of 
3.03% by weight as Sn02, a content of 0.46% by weight as Zr0 2 and a 
content of 3.49% by weight as Sn0 2 +Zr0 2 and exhibited excellent 
transparency although the color was a colloidal color. 
10 [0066] 
Step (d) 

Diatom No. 3 (having a content of 29.3% by weight as Si0 2 ) in an 

amount of 38.9 kg was dissolved into 830 kg of pure water, and then 12.2 
kg of sodium tungstate Na 2 W0 4 2H 2 0 (having a content of 69.8% by 
15 weight as W0 3 ) and 15.3 kg of sodium stannate Na 2 SnO<r 
3H2Q NaSnO ^ T H^O (having a content of 55.7% by weight as Sn0 2 ) were 

dissolved into the resultant fluid. The obtained fluid was passed through 
a column packed with a cation exchange resin of the hydrogen type 
(described above; AMBERLITE IR-120B), and 1,201 g of an acidic sol of a 
20 tungsten oxide-stannic oxide-silicon dioxide composite (pH* 2.2; the 
contents: 0.7% by weight as WO s , 0.7% by weight as Sn0 2 and 0.9% by 
weight as Si0 2 ; the ratio of the amounts by weight • WO3/SnO 2 =1.0 and 
Si0 2 /Sn0 2 =1.33) was obtained. 

[0067] 
25 Step (e) 

To 1,179 kg of the sol of a tungsten oxide -stannic oxide -silicon 
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dioxide composite obtained in step (d) (having a content of 28.4 kg as 
W03+Sn0 2 +Si0 2 ), 2,958 kg of the sol of a stannic oxide-zirconium oxide 

composite prepared in step (c) (having a content of 103.2 kg as 
Zr0 2 +Sn0 2 ) was added over 60 minutes at the room temperature under 

5 stirring, and the stirring was continued further for 10 minutes. The 
obtained mixed fluid had a ratio of the amounts by weight of the colloid 
particles of a tungsten oxide-stannic oxide-silicon dioxide composite 
(W03+Sn02+Si0 2 ) to the colloid particles of a stannic oxide -zirconium 
oxide composite (Zr0 2 +Sn0 2 ), i.e., (W0 3 +Sn0 2 +Si0 2 )/(Zr0 2 +Sn0 2 ), of 
10 0.25 and a content of the entire metal oxides of 3.46% by weight and 
exhibited the tendency of white turbidness due to the micro -flocculation of 
the colloid particles. 
[0068] 
Step (f) 

15 To 3,798 kg of the mixed fluid obtained in step (e), 2.3 kg of 

diisobutylamine was added. The obtained mixture was passed through a 
column packed with an anion exchange resin of the hydroxide type 
(described above; AMBERLITE IRA-410) at the room temperature and 
aged by heating at 90°C for 1 hour, and an aqueous sol of a modified 

20 stannic oxide -zirconium oxide composite (a dilute fluid) was obtained. 
The sol had a pH of 9.59 and exhibited excellent transparency although 
the color was a colloidal color. 
[0069] 

The aqueous sol of a modified stannic oxide -zirconium oxide 
25 composite obtained in step (f) (the dilute fluid) was concentrated by a 
filtration apparatus having an ultrafiltration membrane having a 100,000 
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molecular weight cut-off at 40 to 50°C, and 365 kg of an aqueous sol of a 
modified stannic oxide-zirconium oxide composite having a great 
concentration was obtained. This sol had a content of the entire metal 
oxides (Zr0 2 +Sn02+W03+Si0 2 ) of 33.5% by weight and was stable. 

5 To 350 kg of the sol of the modified stannic oxide -zirconium oxide 

composite having the great concentration, 1.1 kg of tartaric acid, 1.7 kg of 
diisobutylamine and one drop of a defoaming agent (described above; SN 
DEFOAMER 483) were added at the room temperature under stirring, 
and the resultant mixture was stirred for 1 hour. In a reactor flask 

10 equipped with a stirrer, water was removed from the sol by distillation 
under the ambient pressure while 4,203 kg of methanol was added, and 
218 kg of a methanol sol of a modified stannic oxide -zirconium oxide 
composite in which water in the aqueous sol was replaced with methanol 
was obtained. The sol had a specific gravity of 1.285, a pH of 6.40 (a 

15 mixture with the same amount by weight of water), a viscosity of 1.3 
mPa-s, a concentration of the entire metal oxides (Zr0 2 +Sn0 2 +W03+Si02) 

of 42.8% by weight, a content of water of 0.34% by weight and a particle 
diameter of 10 to 15 nm as measured by an electron microscope. 

After the sol was concentrated to a concentration of 47.8% by 
20 weight expressed as the concentration of the entire metal oxides 
(Zr0 2 +Sn02+W03+Si02), the concentrated sol was placed into a 100 cm 3 

measuring cylinder, and the viscosity was measured using a viscometer of 
the B type having the No. 1 rotor at a rotation speed of 60 rpm. The 
viscosity was found to be 5.5 mPa s. 
25 The sol exhibited a colloidal color and excellent transparency and 

was stable without formation of precipitates or abnormal phenomena such 
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as white turbidness and an increase in the viscosity at the room 
temperature. The product obtained after drying the sol had a refractive 
index of 1.85. 

5 [0070] 

Preparation Example 5 
Step (a) 

Oxalic acid (COOH)2-2H 2 0 in an amount of 37.5 kg was dissolved 
into 363 kg of pure water. The resultant solution was placed into a 500 

10 liter vessel and heated until the temperature was elevated to 70°C under 
stirring. To the heated solution, 150 kg of a 35% aqueous solution of 
hydrogen peroxide and 75 kg of metallic tin (described above; AT-SN, No. 
200N) were added. 

The aqueous solution of hydrogen peroxide and metallic tin were 

15 added alternately as follows- 10 kg of the 35% aqueous solution of 
hydrogen peroxide was added first, and 5 kg of metallic tin was then 
added. After the reaction was completed (in 5 to 10 minutes), this 
operation was repeated. The time spent by the addition was 2.5 hours. 
After the addition was entirely completed, 10 kg of a 35% aqueous 

20 solution of hydrogen peroxide was added. The reaction mixture was 
heated at 90°C for 1 hour, and the reaction was completed. The relative 
amounts of the aqueous solution of hydrogen peroxide and metallic tin 
were 2.60 expressed as the ratio of the amounts by mole of H^C^/Sn. 

The obtained sol of stannic oxide exhibited very excellent 
25 transparency. The yield of the sol of stannic oxide was 626 kg. The 
specific gravity was 1.154, and the pH was 1.56. The content of Sn0 2 
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was 14.9% by weight. 

When the obtained sol was observed by an electron microscope, 
spherical particles having diameters of 10 to 15 nm were dispersed in an 
excellent condition. Although the sol showed a slight tendency of 
5 increase in the viscosity when the sol was left standing, the sol was stable 
without formation of gel. 

The obtained sol in an amount of 626 kg was diluted with pure 
water to a concentration of 5% by weight as Sn0 2 , and 4.66 kg of 

isopropylamine was added to the diluted sol. The resultant mixture was 
10 passed through a column packed with an anion exchange resin (described 
above; AMBERLITE IRA-410), aged by heating at 95°C for 1 hour and 
passed through a column packed with the anion exchange resin (described 
above; AMBERLITE IRA-410), and 2,535 kg of an alkaline sol of stannic 
oxide was obtained. The obtained sol was treated by heating at 140°C for 
15 5 hours. 
[0071] 
Step (b) 

To 78.2 kg of an aqueous solution of zirconium oxychloride (the 
concentration of Zr0 2 : 17.68% by weight) (content of zirconium : 13.8 kg as 
20 Zr0 2 ), 300 kg of pure water and 3.3 kg of a 35% hydrochloric acid were 

added. To the obtained solution, 2,529 kg of the alkaline sol of stannic 
oxide obtained in step (a) (91.0 kg as Sn0 2 ) was added at the room 

temperature under stirring. The obtained mixed fluid was a sol having a 
ratio of the amounts by weight of Zr0 2 /Sn0 2 of 0.15 and exhibiting 

25 slightly a colloidal color and excellent transparency. 
[0072] 
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Step (c) 

The mixed fluid prepared in step (b) was treated by heating at 95°C 
for 5 hours, and 3,471 kg of a sol of a stannic oxide -zirconi vim oxide 
composite was obtained. The sol had a content of 2.62% by weight as 
5 Sn0 2 , a content of 0.40% by weight as Zr0 2 and a content of 3.01% by 
weight as Sn02+Zr02 and exhibited excellent transparency although the 
color was a colloidal color. 
[0073] 
Step (d) 

10 Diatom No. 3 (having a content of 29.3% by weight as Si0 2 ) in an 

amount of 49.8 kg was dissolved into 898 kg of pure water, and then 10.5 
kg of sodium tungstate Na 2 W0 4 -2H 2 0 (having a content of 69.8% by 
weight as W0 3 ) and 13.1 kg of sodium stannate 
Na 2 SnO,r3H 2 ON aSnO^H^O (having a content of 55.7 % by weight as 

15 Sn0 2 ) were dissolved into the resultant fluid. The obtained fluid was 
passed through a column packed with a cation exchange resin of the 
hydrogen type (described above; AMBERLITE IR-120B), and 1,179 kg of 
an acidic sol of a tungsten oxide -stannic oxide -silicon dioxide composite 
(pH: 2.0; the contents: 0.6% by weight as WO s , 0.6% by weight as Sn0 2 

20 and 1.2% by weight as Si0 2 ; the ratio of the amounts by weight: 
WO 3 /SnO 2 =1.0 and SiO 2 /SnO 2 =2.0) was obtained. 

[0074] 
Step (e) 

To 1,179 kg of the sol of a tungsten oxide-stannic oxide-silicon 
25 dioxide composite obtained in step (d) (having a content of 29.2 kg as 
W03+Sn0 2 +Si0 2 ), 3,471 kg of the sol of a stannic oxide -zirconium oxide 
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composite prepared in step (c) (having a content of 104.8 kg as 
ZrO£+Sn02) was added over 60 minutes at the room temperature under 

stirring, and the stirring was continued further for 10 minutes. The 
obtained mixed fluid had a ratio of the amounts by weight of the colloid 
5 particles of a tungsten oxide-stannic oxide-silicon dioxide composite 
(W03+Sn02+Si02) to the colloid particles of a stannic oxide -zirconium 
oxide composite (Zr0 2 +Sn0 2 ), i.e., (W0 3 +Sn02+Si0 2 )/(Zr02+Sn0 2 ), of 
0.25 and a content of the entire metal oxides of 2.9% by weight and 
exhibited the tendency of white turbidness due to the microflocculation of 
10 the colloid particles. 
[0075] 
Step (£) 

To 4,650 kg of the mixed fluid obtained in step (e), 2.3 kg of 
diisobutylamine was added. The obtained mixture was passed through a 

15 column packed with an anion exchange resin of the hydroxyl group type 
(described above; AMBERLITE IRA-410) at the room temperature and 
aged by heating at 90°C for 1 hour, and an aqueous sol of a modified 
stannic oxide -zirconium oxide composite (a dilute fluid) was obtained. 
The sol had a pH of 9.10 and exhibited excellent transparency although 

20 the color was colloidal color. 
[0076] 

The aqueous sol of a modified stannic oxide-zirconium oxide 
composite obtained in step (f) (the dilute fluid) was concentrated by a 
filtration apparatus having an ultrafiltration membrane having a 100,000 
25 molecular weight cut-off at 40 to 50°C, and 358 kg of an aqueous sol of a 
modified stannic oxide -zirconium oxide composite having a great 
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concentration was obtained. This sol had a content of the entire metal 
oxides (Zr02+Sn0 2 +W03+Si0 2 ) of 31.9% by weight and was stable. 

To 358 kg of the sol of the modified stannic oxide -zirconium oxide 
composite having the great concentration, 1.1 kg of tartaric acid, 1.7 kg of 
5 diisobutylamine and one drop of a defoaming agent (described above; SN 
DEFOAMER 483) were added at the room temperature under stirring, 
and the resultant mixture was stirred for 1 hour. In a reactor flask 
equipped with a stirrer, water was removed from the sol by distillation 
under the ambient pressure while 5,010 liters of methanol was added, and 
10 220 kg of a methanol sol of a modified stannic oxide -zirconium oxide 
composite in which water in the aqueous sol was replaced with methanol 
was obtained. The sol had a specific gravity of 1.280, a pH of 6.59 (a 
mixture with the same amount by weight of water), a viscosity of 2.1 
mPa-s, a concentration of the entire metal oxides (Zr02+Sn0 2 +W03+Si02) 

15 of 42.8% by weight, a content of water of 0.43% by weight and a particle 
diameter of 10 to 15 nm as measured by an electron microscope. 

After the sol was concentrated to a concentration of 46.8% by 
weight expressed as the concentration of the entire metal oxides 
(Zr02+Sn02+W0 3 +Si0 2 ), the concentrated sol was placed into a 100 cm 3 

20 measuring cylinder, and the viscosity was measured using a viscometer of 

the B type having the No. 1 rotor at a rotation speed of 60 rpm. The 

viscosity was found to be 6.3 mPa s. 

The sol exhibited a colloidal color and excellent transparency and 

was stable without formation of precipitates or abnormal phenomena such 
25 as white turbidness and an increase in the viscosity at the room 

temperature. The product obtained after drying the sol had a refractive 
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index of 1.85. 
[0077] 

Preparation Example 6 
5 Step (a) 

Oxalic acid (COOH^^H^O in an amount of 37.5 kg was dissolved 

into 383 kg of pure water. The resultant solution was placed into a 500 
liter vessel and heated until the temperature was elevated to 70°C under 
stirring. To the heated solution, 150 kg of a 35% aqueous solution of 

10 hydrogen peroxide and 75 kg of metallic tin (described above; AT-SN, No. 
200N) were added. 

The aqueous solution of hydrogen peroxide and metallic tin were 
added alternately as follows- 10 kg of the 35% aqueous solution of 
hydrogen peroxide was added first, and 5 kg of metallic tin was then 

15 added. After the reaction was completed (in 5 to 10 minutes), this 
operation was repeated. The time spent by the addition was 2.5 hours. 
After the addition was entirely completed, 10 kg of a 35% aqueous 
solution of hydrogen peroxide was added. After the addition, the reaction 
was completed by heating the solution to 95°C for 1 hour. The relative 

20 amounts of the aqueous solution of hydrogen peroxide and metallic tin 
were 2.61 expressed as the ratio of the amounts by mole of H 2 0 2 /Sn. 

The obtained sol of stannic oxide exhibited very excellent 
transparency. The yield of the sol of stannic oxide was 630 kg. The 
specific gravity was 1.154, and the pH was 1.51. The content of Sn0 2 

25 was 14.7% by weight. 

When the obtained sol was observed by an electron microscope, 
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spherical particles having diameters of 10 to 15 nm were dispersed in an 
excellent condition. Although the sol showed a slight tendency of 
increase in the viscosity when the sol was left standing, the sol was stable 
without formation of gel after being left standing at the room temperature 
5 for 6 months. 

To the obtained sol in an amount of 629 kg, 231 kg of a 35% by 
weight aqueous solution of hydrogen peroxide and 52 kg of pure water 
were added, and the sol was diluted so that the concentration of stannic 
oxide was 10% by weight as Sn0 2 and the ratio of the amounts by mole of 

10 H202/(COOH) 2 was 8.0 based on the amount of oxalic acid used at the 
beginning. The diluted sol was aged by heating at 95°C for 5 hours. 
Oxalic acid contained in the sol was decomposed into carbon dioxide gas 
and water by the reaction with hydrogen peroxide in this operation. 
After the obtained slurry of stannic oxide was cooled to about 40°C, 2.7 kg 

15 of isopropylamine was added for deflocculation. Then, the obtained fluid 
was passed through a column packed with about 15 liters of a 
platinum-based catalyst (manufactured by SUD CHEMIE CATALYST 
Company; N-220) and circulated to decompose hydrogen peroxide in an 
excess amount. The fluid was passed and circulated at a speed of about 

20 30 liters/min for 5 hours. Then, the fluid was passed through a column 
packed with an anion exchange resin (described above; AMBERLITE 
IRA-410), and 1,545 kg of an alkaline sol of stannic oxide was obtained. 
After 1.8 kg of isopropylamine was added to the entire amount of the 
obtained sol, the obtained sol was treated by heating at 140°C for 5 hours. 

25 [0078] 
Step (b) 
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To 1,238 kg of pure water, 76 kg of an aqueous solution of 
zirconium oxychloride (the concentration of Zr0 2 : 17.68% by weight) 
(content of zirconium* 13.4 kg as Zr02) and 3.2 kg of a 35% hydrochloric 

acid were added. To the obtained solution, 1,538 kg of the alkaline sol of 
5 stannic oxide obtained in step (a) (102.9 kg as Sn02) was added at the 

room temperature under stirring. The obtained mixed fluid was a sol 
having a ratio of the amounts by weight of Zr02/Sn02 of 0.15 and 

exhibiting slightly a colloidal color and excellent transparency. 
[0079] 
10 Step (c) 

The mixed fluid prepared in step (b) was treated by heating at 90°C 
for 5 hours. After the fluid was cooled and taken out of the reactor, 3,224 
kg (including water used for discharge of the fluid) of a sol of a stannic 
oxide -zirconium oxide composite was obtained. The sol had a content of 
15 2.78% by weight as Sn0 2 , a content of 0.41% by weight as Zr0 2 and a 
content of 3.19% by weight as Sn0 2 +Zr0 2 and exhibited excellent 
transparency although the color was a colloidal color. 
[0080] 
Step (d) 

20 Diatom No. 3 (having a content of 29.0% by weight as Si0 2 ) in an 

amount of 59.5 g was dissolved into 1,083 g of pure water, and then 12.6 g 
of sodium tungstate Na 2 W0 4 2H 2 0 (having a content of 70% by weight as 
W0 3 ) and 16.2 g of sodium stannate Na 2 SnQ,y 3H2Q NaSn0 3 4t 2 Q (having 
a content of 55% by weight as Sn0 2 ) were dissolved into the resultant 
25 solution. The obtained solution was passed through a column packed 
with a cation exchange resin of the hydrogen type (described above; 
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IR-120B), and 1,520 g of an acidic sol of a tungsten oxide-stannic 
oxide-silicon dioxide composite (pH* 2.3; the contents- 0.6% by weight as 
W0 3 , 0.6% by weight as Sn0 2 and 1.2% by weight as Si0 2 ; the ratio of the 
amounts by weight- WO3/SnO 2 =1.0 and SiO 2 /SnO 2 =2.0) was obtained. 

5 Separately, 112 g of Diatom No. 3 (having a content of 29.0% by 

weight as Si0 2 ) was dissolved into 540 g of pure water. The obtained 

fluid was passed through a column packed with a cation exchange resin of 
the hydrogen type (described above; IR-120B) to obtain an active silicic 
acid. To the obtained active silicic acid, 6.9 g of diisobutylamine was 
10 added, and 930 g of active silicic acid stabilized with diisobutylamine was 
obtained. 
[0081] 
Step (e) 

To 1,520 g of the sol of a tungsten oxide stannic oxide -silicon 
15 dioxide composite obtained in step (d) (having a content of 35.1 g as 
W03+Sn0 2 +Si0 2 ), 15,656 g of the sol of a stannic oxide -zirconium oxide 
composite prepared in step (c) (having a content of 501 g as Zr0 2 +Sn0 2 ) 
was added over 20 minutes at the room temperature under stirring, and 
the stirring was continued further for 30 minutes. The active silicic acid 
20 stabilized with diisobutylamine was added, and the stirring was continued 
for 1 hour. The obtained mixed fluid had a ratio of the amounts by 
weight of the colloid particles of a tungsten oxide-stannic oxide-silicon 
dioxide composite (W03+Sn0 2 +Si0 2 ) to the colloid particles of a stannic 

oxide -zirconium oxide composite (Zr0 2 +Sn0 2 ), i.e., (W0 3 +Sn0 2 +Si0 2 )/ 
25 (Zr0 2 +Sn0 2 ), of 0.135 and a content of the entire metal oxides of 3.1% by 
weight and exhibited the tendency of white turbidness due to the 
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micro-flocculation of the colloid particles. 

[0082] 

Step (f) 

To 18,106 g of the mixed fluid obtained in step (e), 5.0 g of 
5 diisobutylamine was added. The obtained mixture was passed tlnrough a 
column packed with an anion exchange resin of the hydroxyl group type 
(described above; AMBERLITE IRA-410) at the room temperature and 
aged by heating at 80 to 90°C for 1 hour, and 24,050 g of an aqueous sol of 
a modified stannic oxide -zirconium oxide composite (a dilute fluid) was 
10 obtained. The sol had a content of the entire metal oxides of 2.4% by 
weight and a pH of 9.25 and exhibited excellent transparency although 
the color was a colloidal color. 
[0083] 

The aqueous sol of a modified stannic oxide -zirconium oxide 
15 composite obtained in step (£) (the dilute fluid) was concentrated by a 
filtration apparatus having an ultrafiltration membrane having a 100,000 
molecular weight cut-off at the room temperature, and 2,010 g of an 
aqueous sol of a modified stannic oxide -zirconium oxide composite having 
a great concentration was obtained. This sol had a content of the entire 
20 metal oxides (Zr0 2 +Sn02+W03+Si0 2 ) of 28.2% by weight and was stable. 

In a reactor flask equipped with a stirrer, water was removed from 
2,010 g of the aqueous sol of the modified stannic oxide -zirconium oxide 
composite having the great concentration by distillation while 28 liters of 
methanol was added in small portions under the ambient pressure, and 
25 1,310 g of a methanol sol of a modified stannic oxide -zirconium oxide 
composite in which water in the aqueous sol was replaced with methanol 
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was obtained. The sol had a specific gravity of 1.264, a pH of 8.3 (a 
mixture with the same amount by weight of water), a viscosity of 2.7 
mPa s, a concentration of the entire metal oxides (Zr0 2 +Sn02+W03+Si02) 

of 42.5% by weight, a content of water of 1.0% by weight and a particle 
5 diameter of 10 to 15 nm as measured by an electron microscope. 

The sol exhibited a colloidal color and excellent transparency and 
was stable without formation of precipitates or abnormal phenomena such 
as white turbidness and an increase in the viscosity after being left 
standing at the room temperature for 3 months. The product obtained 
10 after drying the sol had a refractive index of 1.85. 

[0084] 

Comparative Preparation Example 1 

Preparation of a sol of a modified stannic oxide -zirconium oxide composite 
15 <Preparation of a sol of stannic oxide> 1,200 g of an aqueous sol of 
stannic oxide, which was obtained by the reaction of powder of metallic tin, 
an aqueous hydrochloric acid and an aqueous solution of hydrogen 
peroxide, had a specific gravity of 1.420, a pH of 0.40, a viscosity of 32 
mPa s immediately after being stirred, a content of Sn0 2 of 33.0% by 

20 weight, a content of HC1 of 2.56% by weight, diameters of colloid particles 
having a spindle shape of 10 nm or smaller as measured by an electron 
microscope, a specific surface area of 120 m 2 /g as measured in accordance 
with the BET method, a reduced particles diameter of 7.2 nm obtained 
from the specific surface area and a particle diameter of 107 nm obtained 

25 in accordance with the dynamic light scattering method using an 
apparatus N4 manufactured by Beckman Coulter, Inc., USA and 
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exhibited light yellow color and transparency, was dispersed into 10,800 g 
of water. To the resultant dispersion, 4.8 g of isopropylamine was added. 
The obtained mixture was passed through a column packed with an anion 
exchange resin of the hydroxyl group type, and 13,440 g of an alkaline 
5 aqueovis sol of stannic oxide was obtained. The obtained sol was stable 
and exhibited very excellent transparency although the sol exhibited 
colloidal color. The sol had a specific gravity of 1.029, a pH of 9.80, a 
viscosity of 1.4 mPa s, a content of Sn0 2 of 2.95% by weight and a content 

of isopropylamine of 0.036% by weight. 
10 [0085] 
Step (a) 

Zirconium oxychloride (Zr0Cl 2 -8H 2 0) of the reagent grade was 

dissolved into water. To 3,043 g of the prepared aqueous solution of 
zirconium oxychloride (2.0% by weight as Zr0 2 ) (containing 60.87 g as 

15 Zr0 2 ), 10,791 g of the alkaline aqueous sol of stannic oxide prepared above 
(409.5 g as Sn0 2 ) was added at the room temperature under stirring, and 

the stirring was continued for 2 hours. The mixed fluid was a sol having 
a ratio of the amounts by weight of Zr0 2 /Sn0 2 of 0.15 and a pH of 1.50 

and exhibited excellent transparency and a colloidal color. 
20 [0086] 

Step (b) (Preparation of a sol of a stannic oxide-zirconium oxide 
composite) 

The mixed fluid prepared in step (a) was treated by heating at 90°C 

for 5 hours under stirring, and 13,834 g of a sol of a stannic 

25 oxide -zirconium oxide composite was obtained. The sol had a content of 
Sn0 2 of 2.96% by weight, a content of Zr0 2 of 0.44% by weight, a content 
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of Sn0 2 +Zr0 2 of 3.40% by weight, a pH of 1.45, a particle diameter of 9.0 
nm and exhibited excellent transparency although the color was a 
colloidal color. 
[0087] 

5 Step (c) (Preparation of a sol of a tungsten oxide-stannic oxide-silicon 

dioxide composite) 

Diatom No. 3 (having a content of 29.0% by weight as Si0 2 ) in an 

amount of 113 g was dissolved into 2,353.7g of water, and then 33.3 g of 
sodium tungstate Na 2 W04-2H 2 0 (having a content of 71% by weight as 

10 W0 3 ) and 42.45 g of sodium stannate Na 2 SnO , v3H20 NaSn0 3 4i 3 0 (having 
a content of 55 % by weight as Sn0 2 ) were dissolved into the resultant 
fluid. The obtained fluid was passed through a column packed with a 
cation exchange resin of the hydrogen type, and 3,150 g of an acidic sol of 
a tungsten oxide-stannic oxide-silicon dioxide composite (pH* 2.1," the 

15 contents: 0.75% by weight as WO s , 0.75% by weight as Sn0 2 and 1.00% by 
weight as Si0 2 ; the ratio of the amounts by weight: WO 3 /SnO 2 =1.0 and 
Si0 2 /Sn0 2 =1.33i the particle diameter: 2.5 nm) was obtained. 

[0088] 
Step (d) 

20 To 3,150 g of the sol of a tungsten oxide-stannic oxide-silicon 

dioxide composite obtained in step (c) (having a content of 78.83 g as 
W03+Sn0 2 +Si0 2 ), 11,592.6 g of the sol of a stannic oxide -zirconium oxide 
composite prepared in step (b) (having a content of 394.1 g as Zr0 2 +Sn0 2 ) 
was added over 20 minutes at the room temperature under stirring, and 

25 the stirring was continued further for 30 minutes. The obtained mixed 
fluid had a ratio of the amounts by weight of the colloid particles of a 
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tungsten oxide-stannic oxide silicon dioxide composite (W0 3 +Sn0 2 +Si0 2 ) 

to the colloid particles of a stannic oxide-zirconium oxide composite 
(Zr0 2 +Sn0 2 ), i.e., (W0 3 +Sn0 2 +Si0 2 )/(Zr0 2 +Sn0 2 ), of 0.20, a pH of 2.26 

and a content of the entire metal oxides of 3.2% by weight and exhibited 
5 the tendency of white turbidness due to the micro-flocculation of the 
colloid particles. 
[0089] 

Step (e) (Preparation of a sol of a modified stannic oxide -zirconium oxide 
composite) 

10 To 14,742.6 g of the mixed fluid obtained in step (d), 9.5 g of 

diisobutylamine was added. The obtained mixture was passed through a 
column packed with an anion exchange resin of the hydroxyl group type 
(described above; AMBERLITE IRA-410) at the room temperature and 
aged by heating at 80°C for 1 hour, and 16,288 g of an aqueous sol of a 

15 modified stannic oxide -zirconium oxide composite (a dilute fluid) was 
obtained. The sol had a content of the entire metal oxides of 2.90% by 
weight and a pH of 10.43 and exhibited excellent transparency although 
the color was a colloidal color. 
[0090] 

20 The aqueous sol of a modified stannic oxide-zirconium oxide 

composite obtained in step (e) (the dilute fluid) was concentrated by a 
filtration apparatus having an ultrafiltration membrane having a 50,000 
molecular weight cut-off at room temperature, and 2,182 g of an aqueous 
sol of a modified stannic oxide -zirconium oxide composite having a great 

25 concentration was obtained. This sol had a pH of 8.71 and a content of 
the entire metal oxides (Zr0 2 +Sn0 2 +W0 3 +Si0 2 ) of 18.3% by weight and 
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was stable. 

To 2,182 g of the sol of the modified stannic oxide -zirconium oxide 
composite having the great concentration, 4.0 g of tartaric acid, 6.0 g of 
diisobutylamine and one drop of a defoaming agent (described above; SN 
5 DEFOAMER 483) were added at the room temperature under stirring, 
and the resultant mixture was stirred for 1 hour. In a reactor flask 
equipped with a stirrer, water was removed from the sol by distillation 
under the ambient pressure while 20 liters of methanol was added in 
small portions, and 1,171 g of a methanol sol of a modified stannic 
10 oxide -zirconium oxide composite in which water in the aqueous sol was 
replaced with methanol was obtained. The sol had a specific gravity of 
1.124, a pH of 7.45 (a mixture with the same amount by weight of water), 
a viscosity of 2.3 mPa s, a concentration of the entire metal oxides 
(Zr02+Sn0 2 +W03+Si0 2 ) of 32.7% by weight, a content of water of 0.47% 

15 by weight and a particle diameter of 10 to 15 nm as measured by an 
electron microscope. The sol exhibited a colloidal color and excellent 
transparency and was stable without formation of precipitates or 
abnormal phenomena such as white turbidness and an increase in the 
viscosity after being left standing at the room temperature for 3 months. 

20 The product obtained after drying the sol had a refractive index of 1.76. 

[0091] 
Example 1 

[Preparation of a coating composition] 
25 Under an atmosphere of 5°C, 45 parts by weight of the methanol sol 

of a modified stannic oxide -zirconium oxide-tungsten oxide-silicon oxide 
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composite prepared in Preparation Example 5 as component (A) and 15 
parts by weight of y-glycidoxypropjdtrimethoxysilane and 3 parts by 
weight of tetraethoxysilane as component (B) were mixed, and the 
resultant mixture was stirred for 1 hour. Then, 4.5 parts by weight of a 
5 hydrochloric acid having a concentration of 0.001 mole/liter was added, 
and the resultant mixture was stirred for 50 hours. Then, 25 parts by 
weight of propylene glycol monomethyl ether (PGM) and 9 parts by weight 
of diacetone alcohol (DAA) as the solvents, 1.8 parts by weight of 
aluminum trisacetylacetonate (ALrAA) as component (C) and 0.05 parts 
10 by weight of aluminum perchlorate were added, successively, and the 
resultant mixture was stirred for 150 hours. The obtained solution was 
filtered through a filter of 0.5 \xm and used as the coating composition. 
[Formation of a hard coat film] 
[0092] 

15 A substrate for a lens [manufactured by HOYA Co., Ltd.; the trade 

name* AJAX (the refractive index- 1.60)] was dipped into an aqueous 
solution containing 10% by weight of sodium hydroxide at 60°C for 300 
seconds and then cleaned for 300 seconds using ion-exchanged water 
under application of ultrasonic wave of 28 kHz. As the final step in a 

20 series of steps for the pretreatment of the substrate, the substrate was 
dried in an atmosphere of 70°C. 

In accordance with the dipping method, the pretreated substrate for 
a lens AJAX was dipped into the coating composition for 30 seconds and 
pulled out at a speed of 30 cm/minute. A hard coat film was formed on 

25 the substrate under the condition of 120°C and 60 minutes. The results 
of evaluation are shown in Table 1. 
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[0093] 

[Formation of an antireflection film] 

The plastic substrate coated with the hard coat film was placed into 
a vapor deposition apparatus. The temperature was raised to 85°C while 
5 the apparatus was evacuated. After the evacuation was conducted to a 
pressure of 2.7 mPa (2xl0~ 5 torr), materials for vapor deposition were 
vapor deposited in accordance with the electron beam heating method, 
and a primer layer comprising Si0 2 and having a thickness of 0.6 X, a first 
refraction layer comprising a mixed layer of Ta 2 0 5 , Zr0 2 and Y 2 0 3 
10 (nd=2.05, n^=0.075X) and an Si0 2 layer (nd=1.46, n?.=0.056X) and a 

second refraction layer (nd=1.46, n^=0.25X) comprising a mixed layer of 
Ta 2 0 5 , Zr0 2 and Y 2 O s (nd=2.05, nX=0.075^) and an Si0 2 layer were 

formed on the primer layer. Thus, an antireflection layer was formed. 
The results of the evaluation are shown in Table 1. 

15 

[0094] 
Example 2 

A coating composition was prepared in accordance with the same 
procedures as those conducted in Example 1 except that the methanol sol 

20 of a modified stannic oxide -zirconium oxide-tungsten oxide-silicon oxide 
composite of component (A) prepared in Preparation Example 1 was used 
in place of the methanol sol of a modified stannic oxide -zirconium 
oxide-tungsten oxide-silicon oxide composite of component (A) prepared in 
Preparation Example 5, and a hard coat film and an antireflection film 

25 were formed on the lens substrate AJAX in accordance with the same 
procedures. The results of the evaluation are shown in Table 1. 
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[0095] 
Example 3 

A coating composition was prepared in accordance with the same 
5 procedures as those conducted in Example 1 except that the methanol sol 
of a modified stannic oxide-zirconium oxide -tungsten oxide-silicon oxide 
composite of component (A) prepared in Preparation Example 2 was used 
in place of the methanol sol of a modified stannic oxide -zirconium 
oxide -tungsten oxide-silicon oxide composite of component (A) prepared in 
10 Preparation Example 5, and a hard coat film and an antire flection film 
were formed on the lens substrate AJAX in accordance with the same 
procedures. The results of the evaluation are shown in Table 1. 

[0096] 
15 Example 4 

A coating composition was prepared in accordance with the same 
procedures as those conducted in Example 1 except that the methanol sol 
of a modified stannic oxide -zirconium oxide -tungsten oxide -silicon oxide 
composite of component (A) prepared in Preparation Example 3 was used 
20 in place of the methanol sol of a modified stannic oxide -zirconium 
oxide-tungsten oxide-silicon oxide composite of component (A) prepared in 
Preparation Example 5, and a hard coat film and an antireflection film 
were formed on the lens substrate AJAX in accordance with the same 
procedures. The results of the evaluation are shown in Table 1. 

25 

[0097] 
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Example 5 

A coating composition was prepared in accordance with the same 
procedures as those conducted in Example 1 except that the methanol sol 
of a modified stannic oxide -zirconium oxide-tungsten oxide-silicon oxide 
5 composite of component (A) prepared in Preparation Example 4 was vised 
in place of the methanol sol of a modified stannic oxide -zirconium 
oxide-tungsten oxide-silicon oxide composite of component (A) prepared in 
Preparation Example 5, and a hard coat film and an antireflection film 
were formed on the lens substrate AJAX in accordance with the same 
10 procedures. The results of the evaluation are shown in Table 1. 

[0098] 
Example 6 

A coating composition was prepared in accordance with the same 
15 procedures as those conducted in Example 1 except that y-glycidoxypropyl- 
triethoxysilane was used in place of y-glycidoxypropyltrimethoxysilane 
used in Example 1, and a hard coat film and an antireflection film were 
formed on the lens substrate AJAX in accordance with the same 
procedures- The results of the evaluation are shown in Table 1. 

20 

[0099] 
Example 7 

A coating composition was prepared in accordance with the same 
procedures as those conducted in Example 1 except that y-methacryloxy- 
25 propyltrimethoxysilane was used in place of y-glycidoxypropyltrimethoxy- 
silane used in Example 1, and a hard coat film and an antireflection film 
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were formed on the lens substrate AJAX in accordance with the same 
procedures. The results of the evaluation are shown in Table 1. 

[0100] 
5 Example 8 

A coating composition was prepared in accordance with the same 
procedures as those conducted in Example 1 except that tetramethoxy- 
silane was used in place of tetraethoxysilane used in Example 1, and a 
hard coat film and an antireflection film were formed on the lens 
10 substrate AJAX in accordance with the same procedures. The results of 
the evaluation are shown in Table 1. 

[0101] 
Example 9 

15 A coating composition was prepared in accordance with the same 

procedures as those conducted in Example 1 except that isopropanol (IPA) 
was used in place of propylene glycol monomethyl ether (PGM) used in 
Example 1, and a hard coat film and an antireflection film were formed on 
the lens substrate AJAX in accordance with the same procedures. The 

20 results of the evaluation are shown in Table 1. 

[0102] 

Example 10 

A coating composition was prepared in accordance with the same 
25 procedures as those conducted in Example 1 except that 1-butanol was 
used in place of propylene glycol monomethyl ether (PGM) used in 
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Example 1, and a hard coat film and an antireflection film were formed on 
the lens substrate AJAX in accordance with the same procedures. The 
results of the evaluation are shown in Table 1. 

5 [0103] 

Example 11 

A coating composition was prepared in accordance with the same 
procedures as those conducted in Example 1 except that the methanol sol 
of a modified stannic oxide -zirconium oxide-tungsten oxide-silicon oxide 

10 composite of component (A) prepared in Preparation Example 6[[4]] was 
used in place of the methanol sol of a modified stannic oxide -zirconium 
oxide-tungsten oxide-silicon oxide composite of component (A) prepared in 
Preparation Example 5 [[6]], and a hard coat film and an antireflection 
film were formed on the lens substrate AJAX EYAS in accordance with the 

15 same procedures. The results of the evaluation are shown in Table 1. 

[0104] 

Comparative Example 1 

Into a reactor equipped with a rotating rod for preparation of a 

20 coating agent, 15 parts by weight of y-glycidoxypropyltrimethoxysilane 
and 49 parts by weight of the methanol sol of a modified stannic 
oxide-zirconium oxide composite obtained in Comparative Preparation 
Example 1 were placed, and the resultant mixture was stirred at 4°C for 3 
hours. Then, 3.5 parts by weight of a 0.001 N hydrochloric acid was 

25 slowly added into the reactor dropwise, and the resultant mixture was 
stirred at 4°C for 48 hours. To the obtained mixture, 30 parts by weight 
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of propylene glycol monomethyl ether and 0.04 parts by weight of a 
silicone-based surfactant were added and mixed together. After the 
resultant mixture was stirred at 4°C for 3 hours, 0.60 parts by weight of 
aluminum acetylacetonate and 0.05 parts by weight of aluminum 
5 perchlorate (manufactured by ALDRICH Company) were added and 
mixed together. The resultant mixture was stirred at 4°C for 3 days and 
left standing at 4°C for 2 days, and a coating agent was prepared. Using 
the prepared coating agent, a hard coat film and an antireflection film 
were formed on the substrate for a lens AJAX in accordance with the same 
10 procedures as those conducted in Example 1. An antireflection film was 
formed in accordance with the same procedures as those conducted in 
Example 1, and the evaluations were conducted. The results of the 
evaluation are shown in Table 1. 

15 [0105] 

Comparative Example 2 

The same procedures as those conducted in Comparative Example 1 

were conducted except that 15 parts by weight of 

p-(3,4-epoxycyclohexyl)ethyltrimethoxysilane was used in place of 15 parts 
20 by weight of yglycidoxypropyltrimethoxysilane. The results of the 

evaluation are shown in Table 1. 
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Interference Adhesion Transparency Bayer value 

fringes 

5 

hard coat anti- hard coat anti- hard coat anti- hard anti- 
film reflection film reflection film reflection coat reflect- 
film film film film ion 

film 



Example 1 


excellent 


excellent 


excellent 


excellent 


excellent 


excellent 


3 
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Example 2 
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excellent 


excellent 


excellent 


excellent 


excellent 
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Example 3 
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excellent 


excellent 


excellent 
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5 


Example 4 


excellent 


excellent 


excellent 


excellent 


excellent 


excellent 


3 


5 


Example 5 


excellent 


excellent 


excellent 


excellent 


excellent 


excellent 


3 


5 


Example 6 


excellent 


excellent 


excellent 


excellent 


excellent 


excellent 


3 


5 


Example 7 


excellent 


excellent 


excellent 


excellent 


excellent 


excellent 


3 


5 


Example 8 
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Example 9 
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Example 10 


excellent 


excellent 


excellent 


excellent 


excellent 
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Example 11 


excellent 


excellent 


excellent 


excellent 


excellent 


excellent 


3 


5 


Comparative 
Example 1 


excellent 


excellent 


excellent 


excellent 


excellent 


excellent 


1.7 
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Comparative 


excellent 


excellent 


excellent 


excellent 


excellent 


excellent 


1.7 


3 
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INDUSTRIAL APPLICABILITY 

In the plastic lens obtained in accordance with the method of the 
present invention, a hard coat film is formed on a plastic substrate using a 
coating composition comprising colloid particles of a modified stannic 
oxide-zirconium oxide composite having specific properties and an 
organosilicon compound. The plastic lens exhibits excellent appearance 
in combination with excellent water resistance, moisture resistance, light 
resistance, antistatic property, heat resistance and abrasion resistance. 
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